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THE _AJ_R HESPGNS[B|LITY FG_ T_E :X-RAY 63= PROGHAM SYSTLM LIE_ _ITH

JAMES M. STEWART ANO OARRELL HIGH. THE WRITE-UP HAS BEEN C_NPILE_ A_C

E_ITE0 OV ERUCE W. EROWN,

IHE PR_GRAM_INGe AS A WHCLE, HAS BEEN THE RESUL| CF THE GRUUP _FF_R!

BY flANY PEGFLEt INCLUOIfiG ESPECIALLY JAMES R. HCLUEN_ _HU_O M_ROSiN,

RCGER CHASTA|N_ HIRCSEI TAKECA 4NO CHARI_ES _|CK|NSCN, THE CiJNT_IB:jTCRS

TO EACH PROGRAM ARE LISIEO IN PART it ANO T_ EACH SU_RGUT|_ IN APPENO|X

IWANV THAI_KS ARE CUE TC PI_OFESSC_RS EOWARO G. LINGAFELIER,

LYLE H_ )E._NSEN., AN.C .joS(F H ._RA_Tt A I_D CR, .J._!_ES R.. BRA T.MqVOE FOR AOVI_Et

AR_Y gESEARCH _FFICE (_UR_A_)_ AN_ _O_-SUPP_RTE_ RESEARCH G_A_T$ FROM

THE RESEARCH CCMPUTER LABORATORY AT THE UNIVERSI|Y _F wASr_II_GIU_ AN_

THE C_PUTER SCIENCE CEhTER AT T_E _NIVERSITY OF MA_YLANO,

-'o•

i G
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PR_NA_ SYSTEM FER X-RAY CRYSTALLOGRAPHY
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A,, PEGGRAM SYSTEM _ESCRIpIICN.

s•,__
4.

3



he

i:

I..C-a2
g/++3 -

ALSO POSSIBLE _ TC PUNCH AN iem 6_0 REFLECTION OECK FOR SYSTEH CONPAT|I_IL-

ITY WITl_ Iteil_ 6_1) PRCGRAt4$ WI_ITTEN AT THE UNIVERSITY OF _-+I_I,,IING+TCN,, THE .....

Iel_ 65C .REFLECT|t'_N CECK CAN BE USEO ON AN IBm 1¢2+ mlT,_ 20K STO_,AGE

IPCRTLJNO STATS COLLEGE) CR 6OK STO_rAGE (NCNTANA STATE COLL_GC) USI|,,_G

THE UNIVERSITY CF WASHINGTOP_ PflOGRAt_S CUNVERTEf'J TO leV 1620 lily PROF.

CHARLES CAIJGHLIN ANC I_R. GEORGE SVETICHt MCNTANJ STATE C(3LLEGEI.

THE COUiRSE OF THE CALCIJLATIONt wHICH NAY INVOLVE ANY NUM_EP, t_F THE

LINKS [IN THE SYSTEI¢_ tS CCNIROLLEC BY THE SEQUEhCE OF CARPS t/_ file ;+;_PiJl

DATA. THESE CC]NTR(]L FUt_CTICNS ARE EXERCISEC OVA SUORCLJTINE CALL;_D

=CALLER- THRGUGI-1-WHICH ALL |NFIJT PASSES. INPUT OATA CARCS ALE IDENTIFIEIJ

BY FLJNCHIN(} IN THE FIRST SI_ CAR• CCLUNNSt LJSUALLY A MNEMONIC (,'F TH_

CARl] FLJNCTICN• A D/ITA CECK CONSISTS (3F THE FOLLOWING KINt_S OF-C-A_i:l_..........

(A) CPfcRATICNAL CARCS (WHICH A_E ACCEPIF_B[_ A1 ANY TIMZ|
PEFIFCRM IMMEOIATE _]P(IRATIC]NS SUCH AS ASSIG;414G TAPES
PRINTING RF+_K$ ANC INSTRUCTIiTNSt _Li_i_LY,_I_,_LG--A TITL_-.

(B) A CALLING CARD SEWvES TC CALL THE SPECIFIC PP,CGRAN
LINK AND INITIATE THE PROGRAM.

(el (_TH__R DATA CARI]S Aide RE_C I_NCER THE C_NTRi_L. {_F TH_
PRLIGRAM T(] SLJPP_Ye F(,R EXAMPLE, PARAMETERS, INTE_SII'Y
DATAt AND CCJI_TR(_L INF_WMATII_I_

(C) THE LAST CARC OF IPE O_TA CECK MUST BE Ah =E_D= CAR[_,.

A SEt_UENCE C]F INTERCEPENL]EI_T CALCULATIONS MAY BE PERFORMED DY _._T/wCK-

ING I..FpAN APPRC_RIATE SET OF CATA DECKS (FOR EXAMPLE- FC FFJLLLJ_E[_ I_Y A

FCIJRIER SYNTHESIS, CRt SEVEi_AL CYCLES OF AUTGMeIIC REF|_._MF$_[). ltilS

SET (IF CATA DECKS ML_ST P_E Pi_ECECE_ BY A -.CATA= CA_[_. AN_TtIER I|_[]EP_!_._-

DENT SEQUENCE OF CALCULAIIC]I_$ MAY BE INITIATE[; _Y FL]LL_WIrJG T_E FIRST

SEQIJENCE BY A =eCATA= C,_Ri_ AhC ONE CR M(_RE OAl'A CECKS - ET (.Oi'_TINUL_H.

EXECUTICN TERNINATES AI_C C(31_TRCL IS RETIJRNEC TO I_E CALLING M[]NIT[]R w|-_,'4

A -FINISH- CARl] CR _N EhC-_F-FILE LS REAl] ON THE MCNITOi_ I_PUT TAPE,,

Tile SEQUENCE OF EVENIS C_RI_G THE C(]URSE OF _ CALCL_LATI(2,;I i,:_A3

FCLLCi,_S=

A =.OkTA- CARl] CAUSi_S IMIwEC[ATE INITIALIZAIICN C.F TAPE A_SIG,_M_,IS,

PAGE NUMBERS, TITLES, ETC. A CALLIt,_G CARD CAUSES THe-. I_OICATEI_ P_cCIGRAM

TC BE LCAOEC IF IT IS hOT ALREACY II_ CORE AN• CCNTHOL IS TRAN_._FE_RE(] T(]
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THE PRGGRAI_o DATA CARCS ARE EEAO BY =CALLER- AT THE REQUEST OF THE

PROGRAt_. TEE TYPES OF CAHD$ AND Tl_ElR FGRMAT_ ARE O|SCUSSE_ IN OETA/L

LN PART || CF THE llRlTE-IjP, NCRMALLYt THE PKOGRA_ REACS AN[J PRCC_$SCS

DATA tarOS t_NTIL THE -EEC_ CARC IS REACHEDt WHEKEtJPC]N THE PHOGRAN

FINISHES THE CALCULATICIWe WIllIES SUMMARY OATAt ANC HETtjHNS C(__NTRI_L TO
.....

=CALLER_. _ C-JfI.[II_G CARI_CAN THEN INITIATE _-NEll CALCULATIC]_W with

THIS (JR AIWY C_THER PRC]GRA_ (_h f_E SYSTEM TAPE.

O)

IF F_R _ RE_SO_ t_ErE Is J CALCULATION FAILurE, COntROu Is _utu_n_

Tc -cALLER- WHICHSKIPS ALL suBSEcuENt cArOs untie AnotHEr -,oata=
Is rEA_ WHErEupoN THE C_LCuL_Tlon Is rESuME_. BECAUSE cF TH_S ProceOur_

THE CALCULAT_S-IT_t Ru_ I_DIPENOENTLY SHOULO BE SEPARATE_ BY -eoATA-

C_R_$. _ _E_--EH_EHT S_EHC_ _FC_LCULATIGfi_ _E fi_T SEParateD BY

=_DATA- CARCS SO THAT FA|LUME _F ONE LINK lliLL _ELETE REMAINING P_RTS,

tdAt1ti l Nil ,,!_ tIA._! ! I.I!G. ,, ,.WA!pl l.III _..,,,.:W AII!_ IHG.o, • _WAHt_ IPiG ,.: _L, WAIIPi.I Ill'*.! W.A1t_ I!G

.i

7'

©

EUKING EXECUTION THE CALLING MCNLT_R IS EFFECTIVELY DISAULED, it IS

T__E _fi |_PE_AT;V_ _EC_SSITY T_T USERS AT _HEK ;_STALLAT|_S

ST_OY CAREFULLY THE :LEGICAL_ TAPE EESIGNATL_NS CF THE X-RAY SYSTEM IN

ORDER T_ PREVENT INTERFER|_G W[TH T_E INSTALLATIONS N_MAL S_UENC_ _F

EVE_TS_ REFERENCE TO THE _CNIT_R SPECIFIC PROGRAMS =BSF_RT=_ =_5_i_ELL-_

AND -BSIB$¥_ (SEE APPEN_iX IX) WILL BE HELPFUL, TH_ SYSTEM MAY BE R_N

INdEPEndENTLY _F ANY M_hITOE BY _SE OF THE -B_C_RO= STARTING CAR_.

(_iSCLii_(_ 6_FSb'O C-N THE IB_-SHARE _ISCLAIMER.I

-ALTHOUGE EACH PgGGR_N H_S BEEN TESTED BY ITS CONTRIBUT_ N£

llAR_ANTYt EXPRESS _R |_PL|E_e IS MA_E BY THE C_NTHIBUT_R AS Iu TH_

ACCURACY AN_ F_NCTICNING _F THE PROGRAM A;_ RELAT[_ PROGRAM MAT[KIAL

ANC NC RESPCNSIBILITY IS ASSUMEC EY THE CUNTRLB_TOH _R ANY M_EW _F

THE X-RAY $_$TEM GRCUP IN CCNNECTIO_ THEREWITH._

--•4•. _ --'

3



LIST _F CP_RATIGN C_rOS

REMARK INSERTS REMARKS OE lee ECC OUTPUT TAPE F_i_ _FF-LlflE LtSTI_G.

,r,

TITLE FILLS IN PAGE TIILE, hew =TITLE= CAHD CHa_GES STUR_D TITLE.
-.CATA- CARD IhlTIALIZES STOrE_ TITLE TO 0LANKS.

C)

_J

PRINTR INSTRUCTIONS TC (_FF IIN_ PR[NTER OP_ATC__- ANy NII_i_FR t4aV BF
: LJSED IN A GRdtJF Fd_'f._G INSTRUCTI_NSL ...................

GI_AT_

PAUSE +F =+PR-A+R_ ....... --
ST_PS COMPUTER+ _S_O ESPECiaLLY AFTV_ _ GNC_PCaROS. CA_SE_ REMdRK .PER STArt CONTINUE. I_ _E PeINT_O

C_ THE _-LINE PflI_TER. .........

&

ENCTAF WRITES REMARK -EhO CF OUTPUT TAPE- ANO WRITES TWENTY END-OF-FILE
MARKS. S TAPE ,NTCUT- AND RECEFiNES -NTCUT- TU -NTOUTN-.REWINC _ _
NOT T
ItHE'EIFEs (h DEOUTI=I_TCUTN) THE =EMDTaP" CArD IS IGNCREO.TAPE 51GNJTICNS ARE CEFINEO I_ I._-B.)

IGNORE CAUSES THE FOLLOWING CAR_ TC BE SKIPPEC UNCC_DI{I_ALLY A_D
SUES_QUENT c c

SET BE SKIPPEOcU"TILAR A ""OAIA= CAR_ IS R:ACHEOoAB. _S_ CF TMIS C IS T_ PRECECE A *DATA= CAR_AN EXAMPLE OF " =
WHOSE OATA DECK (SbCH AS A SET QF =CPRATR- CARCS OLFINING ERROH
PRCCECURE) IS T_ BE SKIPPE_ IF PRIQK OPEHATlOh WAS SUCCESSFUL,
CRCINARILY THE++.IGfiC_E • CARCWI'_LL CAUSE T_E F_LLCH+L_G +,_TA_
CdRO effO C_TACaRCS TOBE SKIP'PE_.++IF THE CeLCUL+ITtON FAILS_
THE =IGNORE- CaRC WILL BE SKIPPED BY =CALLER= AND THE =.CATa=
CARQ ANC CATa C_fl_ WILL BEPROCESSED°

....... WITH aNYI_E_* L_BCR_TCRJY,MCNITCR WHICH _aES N_T USE :ENO'OF-FIL_
_ARKS BETWEEN dOES (E.C. EELL),

t_

12'

SAVE THE 7090 ANC 109_ CAUSES UMLCADINfi OF [he SPECIFIED LOGICAL IAPES
SHOULO riOT BE INCLUCED UNTIL THE EP_O OF ,HE k_.

S CARC SHC_LC _S_ALLY EE PRECEEOEC B__ A -UATA C_)
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B. _TE$ ON THE _SE UF TAPE.

APART FRCM _CCASION_L _$ CN THE ON-LINE P_INTER. ALL i-_I_P_T _ .......

_UTPUt IN T_e SYSTe_ iS _n _TIC TAPe. A TYPICAL P_G_A_ (_.G.- FC.

CALCULATIG_ _F STRUCTURE FACTGRS) USES FGUR _NP_TI_UTPUT TAPES- A BCC

INPUT TAPE (FKCN THE CARL RcACER)t A BCC CUTPUT TApE (F_R THE PRINTER).

AND BINARY INPUT AflC CIJTPuT TAPES. tn AODIT|ONt CNE TAPE -[_ USEO FCR

THE pRCGRANS. THE FORTRAN L_|CAL Tape NumBEr CCrrEsP_nOING TO THE

ACTUAL TApE UNIT T_ BE uSEg FoR EACH pURpoSE IS ccnta{ne_ _ a eL_cK OF __.
T_-_$$1_N_t_T tOCITICN$ W_iC_ _RE-REFErrEO to BY _LL prbGrA_$o t_es£ .!

encountered, AN_ _av Be C_A_GeCBy t_e User W_t_ a =rApes= cArD. s_nc_

ALL TNE:IIPRCrR_MS reFER TC T_E !_ME k$$IGNNENT CELLS, tt IS POSS|eLE t_

use ene.TAees. ............

Ld
Z

"0

cA_ t_ set t_ tapes te ee _$.ecFCr AN _Ntire cALcuLa-

eetWlli_ast CALCULATI_,| - IF per k! CITMER_Z2A_Y_HAN IT F_-_C.eLS .__.T:Q_ . ....

c_Nte_LAte t_e secue_ce OF tA_e _erAt_ons.

TNE baNES CF THE TAPE-ASS|6h_ENT CELLS. The h_E AN_ USUAL CU_TEKTS

:O
GF THE CELLS FROM W_ICH T_E_ ARE INtTI_LIZEg. A_C THE F_NCTiO_S TO kHlC_t

THEY CCRRESP_ ARE |NC|CATEC lh TABLE 1.O-| FC_ The FE_K_/_ Ill)

_NIT_r S_ECIFtC AT t_e unIvErsITY CF WAshInGton. t_e ta_e AssignMent

FOR THE E_ILL;J_ IeSYS _0NIXORS Are GIVEN IN t.AekES t,0-lI aNO, 1,0-Ill,

REspEcTIveLy.

The A_ • :_Q_-7_gC-TQ_4 TAPE AC_RE ................ '.......... . ............................................$SES CCK_ESPGN_|NG TG [HE FUKTRAN

LC)GICJI[ T__E N1UI_BERS ARE CETERI_lrNEO BY A SIJBRCUTINE CALLED =ICU=, THE

_i_r'ldl--tJ_dlr'_dl l,Ji_lii ,_BLe. Tt_E-=_u- IN ,nc X-RAY o ,STEK TI_AT iS USEC AT

THE t_NIVERStTY CF WASHIhGTCh l_ GIVEhJ IN TABLE !._-IVo THE =ICIU= TABLE

FC]R THE BELL ANC IBSYS I_CNITCRS ARE GIVEN IN TABLES l.O-V A_WO l,O-VI,

RESPECTI_WEL¥. BIRTH TIlE "l_b" TABLE AND/OR THE CEFINITICN OF _NTL_M-,

=hTCUTI4=-i-ETC,t NAY BE CEFIhEC BY THEMDNITOR ,_PECIFIC CALLING FR_]GRA_

LIKE -BSIBSV" ISEE APPE_CIX 3.cJI.
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FaR _ST EFFICIEfiT _FERATIGNt TEE TAPE ASSZGfiM_TS USE[_ 5H_ULO BE

C_PATIBLE WITH THIS SCEENE. AT T_E UNIVERSLrY _F WAS_INGT_Nt CAR_

I_P_Tt P_L_TER _UTP_Te Ah_ F_CEE_ CA_ _UTP_T SH_LO _E _N TAP_ 5_ _

AN_ 7 WEEN_VER P_S$_BLE. T_P_S T_ _E SAVE_ _ IA_.'E$ C_TAI_I_G SC_C|AL

|NP_T SM_L_ BE ASSIGNE_ T_ g-L2, SI_CE THESE _Y BE CHA_GEB WITHOUT

ALL THGSE TAPES _tC_ ARE NCT TG BE SAVE_ AN_ F_R W_ICH _ I_[T[AL

INPUT iS HE_UIRE_ ARE CALLE_ =SCRATCH= TAPES- _Y TAPE TO BE USEU tN

T_IS _Y _Y _ST C_NVE_!ENILY EE ASSIGNED T_ _ J_ _R 4t SINCE THESE

TAPES ARE A9AILAELE AT ALL 1lEES k|THC_T SPEC|AL _PERATC_ ACTION. IT [5

NECESSARY TC GIVE |NSTR_CI|_NS T_ T_E OPERATC_-(|_ THE F_R_ CF -_TAFE:

TLQNAL TO MOUNT THE X-RAY PROGRAM SYSTEM TAPE _ LQ (BSI, SLNCE ALL

BEEN F_R UNIT B_,

Z

_5

I 2?
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i• tAeLe 1.0-I

IAPE ASS1Gh_ENTS

FCRT_ Ill) MG_ITCR SPECIFIC FUR
THE b_IVE_SITY _F WASMINGTCh

ASSIGNMENT
LC]CAT ION

I_TPROG

14Tiff

 tQut!

NTAPEA

_TADmii

,o•  t. pec
e_tap_O

NTAPEE

I_TAPEF

._. _TAPEG

-LCGICAL=
_U_BEE

IC

II

_qm

FUNCTIOn

P_CGRA_:_TAPE FOR X-RAY SYSTEN,
(MCTE !)

0CC INPUT TAPE FROM _FF-LINE
CARD READER |NOTE 21.

BCC _UTPUT T_PE F_R _FF-L|NE
PRINIE_,

BIhARY REFLECTIC_ TAPE (N_E 3),
CUTp_T OF OATA REDUCTION.
.INPUT T_ STRUCT_BE _FA.C.T_S,

zNp t .....
1

6

2

eC@ ui_ikt. LAgl:liATQi_v p_IWcl4 TAPE,

_rc e e e'u r i "e " _ u _ e u T tAPe.

SPECIAL iljTILITY C]UTFUT.

SPECIAL UTILITY INPbT.

_hASSIGNEC (NCIE _),

_TAPEJ 0 _hASSIGNE0,

_CTE _- """ _3_IGfi_E_T CF -NTPROG_ IS NUT UNOER =TAPES: CARD CONTRCL,

'_i IS NCRMALLY SET T_ IC _ ;SYSC_M-, _T IF THE FRt]GRA_ TAPE
__ GENERATED BY _CNIT_R H IN- AND EXECUTED CIIRECrLY, IT

WILL BE SET TC 3 BY -BEGIN-,

_T¢ ,mt_h-_¢ INITI_LI_T_ "NTIN_ WHeN !HE-_V_TpW I$ ¢_n¢ T .
..... -_ _::S_RTE_, BUT IS _CT RESET WHEN A ;eCAtA-'CAh_"I_ E_Cd_NTERED'

IT IS:RESET _EE_ _ EMB-CF-FILE IS SEhSEO ON "NTIN= WEaN

NCTE 3" TEE TERMS "BIfiAHY _EFLECTICM TAPE" AND "BINARY FC IAPE= _EFC_
: T_ F_NCTICN _C hCT T_ T_E TAPE FORMA_ ITSELF, A r'REVI_bS

CUTPUT _F =FC= _Y 8_ USED AS THE _EFLE:CTION TAP_ iN A LATER
RIJ_4t AND THE _TFUT _F D_TA REDUCTI_h NAY BE _SEU AS -NTAPEB,
FCH CALCULATING A PATTERS_Nt F_R EXAMPLE,

NCTE 6- li4 THE -X-RAY e3- SYSTEM, =NTAPEG- TO -NTAPEJ- AR_ N_T U_EC AND
ARE NCT INITIALIZED,

N_TE S- ALL -L_G|C_L- h_M_R VAL_ES REFER T_ I_E _|VEHSIIY _]FWASHINGTCN ,IC_ TABLE.



O TABLE 1.0-II

1APE ASSIGnmENTS

0

e

TAPE
A$$|G_MENT =LOG|CJL =

LOCAT|GN NUMBER

NTPRCG 15

NTLN 2

_TOUT

FUNCTIC_

NTAPEA

hT_PE8

NTiPEC T*

NTAFEG 3

NTAPEG

PI_OGRal_ TAPE FO_ X-HAY SYSTEV®
(NOTE 1 )

BCC INPUT TAPE FR,C2P [JFFoLINE
CARC REAOER (NOTE 21,,

3 ECC OUTPUT TAPE FOR L}FF-LINE
PRINTER.

6 BINARY REFLECTION TAPE (NOTE 3),, _

|_ Blt_ARY FC TAPE (N_TE 3),,

BCC _USijAl. LABCkATCt_Y PIJ_CH TAPL.

_ _P|C|Ak UItL,-IT¥ QUlPtJ_

,_ SPECZAL UTZLZTV [Np_r.

C] UhASSIGNEO (NOTE 4).

OlOO oee oeo6eolo_o

NTAPEJ 0 _SSIGNEO.

NOTE L- TI_E ASSIGNNENT OF -NIPI_OG= IS NOT L_NOER =TAPES= CA,_C CONTROL.
IT IS Si:1 TC 15 i_Y -$YS_CL=.

=NTIN= IS NCT Ewt_AL TO I_TXNM . S|N_E T_E BELL _,YSTEIN IS
_CI_ETtMES RtJ_ Wll._ _CC If_P_T FROM THE L_N-L/NE CAi(fd REAOEHt

_1'_ :_-T_'_KE_t_iRCSII_RO_I TEE C'aRI_ REAOER TC] LCGTCAL UNTT 2.
GREAT CARE luL_$T lie EXERCISEC BECAUSE OF IHIS [L_IL]SYNCRASY.

NOTE 3- Tile renews -BINARY HEFLECT[CN TAPE- ANfJ =8|_,_RY FC i_PE= ,_EFER
• TO F_CTIE1N AINC NCT ]O TFtE TAPE FORMAT |TSELF. A _'RI_¥|Q_

CUTP_T :OF =FC= _AY BE USEO AS THE REFLECTION TAP_ |,._ A LATE-_
RUN_ AN_ THE OUTPUT CF UATA REDUCTI_W _AY BE USED +_S -'_TAPEO=
FOR CAL-CLILATIING A PATTERS{IN, FOR EXAMPLE.

NOTE _- IN THE -X-RAY 63= 5YSTEMe =NTAPEG= TO =NIAPEJ= A_:;E I_OT USEC ^N_
ARE fiST INITIAL[ZEC,

NOTE 5- ALL -LOGICAL= h_MBER _ALUES REFERRED TC BELL =ICU= TABLE.



L. C,-_5

e
TAELE l.C-Ill

iii•

IAPE A SS IGhlI_ENTS

TAPE
ASS1Gh_ENT -LCGICAL=

LeCATIeN hUMBER FUNCTIUN

2_.
t't'.

0

_TPRCG IG PRCGBAM TAPE FC_ X-RAY $YSIEM,
(NCT_ [)

_TIN BCC INPLJT TAPE FRI_M CFF-LINE
CARD REAI3ER (NOTE 2l.

NTU_T _ BCC CUTBUT T_PE FfJR fJPP-LINE
PRINTER.

NTAFEA II

NTAPEB 12

NTAPEc 2

NTAPEO B

NTAPEE 6

NTAPEF 4

NTAPEG C
.Qee ulo

_TAPEJ C

_II_AkY R__-I_ TAPE (NCTE 3},
CUT:PL_T (_F-DATA RE[IUCTION,
!_F'j !. T.e _$Ta-tjC T'J_E e_ c_ Tn_ _$ =.

!NPtL1 S_ POIJaIEN, ..........

BCI_ USUAL LAB(tRATelqY PUNCN TAPE-,

_CC FC_RIER O_TPbT TAPE,

SPECIAL UTILITY OUTPUT.

SPECIAL UTILITY ItwI_UI.

LihIASSIGNEC (NCTE _).

_h_SSIGNESo

i ::i

NCTE l- THE ASS|GN_ENT CF .NTPRC_G= IS NOT UNOEH =TAPES, CAnC CUNIR_L.
IT IS .NCIRIW_LLY 5£! T(_ 10 BY -SYSCOM=, E)_T IF THF P_C_GRAM 'IAPE
IS GENERATEC BY Iw{_NITC]R -CHAIN,, AND E_LCUT_C _IR_CTLY, IT

....WILL BE SET I{ .3 BY ,BEGIN-.
..... ,_.,_£_ ;_XC"_: _'_ ..............

NCTE 2`=....,NT-II_iIS INITIILIZEC TC =hfINM: WI_EN 11_. SYSTEM I-_ rlrsr
S!ARTECt BU_T..x_.hC]T RESET WHEN A ".OATA, CAR{; IS ENCI_I.JL4TEREC.
_u _: _::rv .rc:n _n E_iC-CP-fiIL£ IS SE_ED c]r,i :t_Til_ = WH£_
=NTIN = IS NCT FQbAL TC -NTINM-.

NCTE 3- TI_E T_ "BINAI_Y i_EFLECTICN TAP_= AND "81NARY FC IAPE_ KEFI_,q
TO FIJNCTION _NC hCT it] THE TAP_ FCRMAT IISELF, A PREVIOUS
CU'ILplJT OF -'FC- M_Y BE L_SED AS THE REFLECIIE]N TAP_ tN A LAI_i,L
RU_, ANC THE CI_T_UT [_F CATA RECUCIIC_N _AY BE,_ USED AS =NTAPEG=
FOR CALCI_LAIII_G A PATTERSC]Nt FOR EXAMPLE°

NCTE 4- IN THE "X-RAY 63_ _YSTEM, _NTAPEG= TO =NTAPEJ- A_'E r',lOT tJ_,EC A_L_
ARE NCT INITI_LIZEC,

NCTE 5- ALL =LCGICAL- h_MB_ _ALbtS REFER TC] II_E _JNIvt!_SITY E;F
WASHINGTCN -{C_J- T_LE,



TABLE l.O-IV

@ IhPUI-C_TP_T U_IT TABLE

FEflTRA_ (Ill MCN[TCR

@ FCRTRAN 709 TAPE
_UeBER aCCRESS

I AI

FUNCTI_

SYSTEM _ASTER.

:iii_•

?

2 ea

3 e3

XO_ITOR SCRATCH (ALSG USED BY
=PCU_P= ANC "C_P=).

_C_|TGR SCRATCH.

a.'i

X_l|_X _UYPUYo

7 {_ _CNITGA PUNCHED-C_C UUIPUT.

USE_ BY _(]NIIO_ CHA|_ [C STACK
EII_tRY I_PUT CARES. OTHERWISL;
hCT CRCINARILY U_JEC.

NUT _SED BY MONITOR. AVAILABLE
FCR PRCGRAM I_PUT/_UTP_T.

@ I0 _ITTC,

'-'0

;"e

! =-

i e

i :2)

,.....:|;|. _L_

-B_

] ]• I I ,



TAELE [.O-V

• FC_TRAN BELL
N_MBER NURSER

l 1

FUNCT |01_

• 2

SYSTEM MASTER,

II  CnlTcR sCrATcH (ALS 
=PCU_P= ANC ©C_MP'I.

l_Ch [ TGR SCRATCH,

4 4 _-C_ SC_A TCn.

-5 2

3 ECfilTCR CUTPUT.

7 14 _fiIT_R PU_CHEO-CA_C GUTPU[o

B tz us_ e,t _nlt_r ¢_[n tG stAc_
UINARY INPUT C_RE1_e (_TH_RI¢ISE
l_(_T _RCIN_R[LY USE_°

_r Pr_Gr_ tnput/_utput.

_'e

ll 6 CITTC.

I_ le CITTC.



(aBLE I.Q-Vl

lt_PUI-C_TP_T UhIT TABLE

IESVS _ENITGR

,.2•

O

FCRTRAN
NU_ER

I

2

3

I_5VS
NUWUER

03

F_NCTION

SYSTE_ MASTER.

_CNIT_R PUNC_E_-CARO _TPUT.

_CNiTCR SCRATCh.

_NIT_@ [NPUT_

o

J3

7 _

td$lO_'iI¥ PtONITOR CHAIN TO ,S,TAC.K

_Ct CRCIn_xILY usE_.

_CfilTO_ SCrATCh.

_CNIT_R OUTPUT.

N_T USEC OY _CfilT_H. AVAILAULE
F_R PR_GRA_ I_FuTtC_TP_T.

IC _ CITTC.

II A6 CITT_.

12 6_ CITTC.

NCTE - UNCER -IBSYS= T_ERE JS T_E C_NGER T_AT [HE _PERAT_ _AY CN _H|_

CHANGE THE SH_P -ICU- T_SLE CA TAPE F_NCTI_. THE_FG_E L_T IT

HE K_aW_ TC THE CFER_TORS In t_e SHOP• In AOVAnCE, THAT =X-_AYb_.

II II I II t i
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C. GENERAL OESCRIPTIOE _F 1HE EETH00,

o

_n

z

THE PR_CRAMS _ESCRIBEC _RE ARE _ESIGNED TO C_STLTUTE A =_YST_M=- F_j-_

X-RAY CRYSTALLOGRAPHY kETCH WILL RUb [_EPEN_ENTLY OFo CR I_ CQt_JUNCIIC_

WiTEt EXISTING IBM 70q-TGg_-TC_4 MO_IT_RS. TH_ MAJGR SbB_C_TINE_ _F THe

=SYSTEMs OQ THE CALCULATICE_ NECESSARY T_ I_TEAPH_T X-RAY CIFF_CTICN

PATTEHNS AN_ T_ ESTABLISF ACCURATE ATOMIC PARAMET_HS IN C_Y_TALS,

C_NTRCL IS INSTITUTEO E¥ CALLIhG CAR_S WHOSE FUhCTI_N IS TO CALL T_E

VARIOUS SEGMENTS _F THE SYS1E_ AS T_EY A_E NEECE_. TO THIS _ Ci_IAL-

L_GAAPHIC CATA ARE IRAh_F_R_EC FRCM THE RAW STATE _N CAR_S AN_ ST_E_ G_

TAPE AT THE TIME OF _AIA HE_UCTI_ IN A F_RM USEFUL TO THE _ .....................

WHICH F_LLCW,

FIRST PART IS a -USERS G_I_E- GIVING THE NETHO0 AN_ PLA_ OF CALCULATION,

CAN_ F_H_AIS AWO CARO _H_EH, YH[ TH|R_ PART--IS--A-SERIES OF APPEN_|Ce5

TEAIC IN ACAPTING THE SYSTEM T_ VARIOUS M_NIT_AS AN_ INSTALLATIONS.

ALL PRCGRAMSt SUBPR_GRAMS_ AN_ SUBROUTINES IN THE X-HAY C_Y_TALL_RAPHY

PROGRAM SYSTEM _EPENO _PGN |HE F_RT_ANIII)-FAP P_OG_AMMING _YSTEM.

THEREFORE IT IS HELPFUL |_ BE AWARE _F THE CAKO FOEMATS A_4D LAMITAII_N_

_F THESE SYSTEMS, THE CIR_CTICNS ATTEMPT T_ 8E EXPLICIT _ML_EVEH

C_NF_SION MIGHT ARISE, EUT LET TH_ USER BEWARE CF C_MPUTER LABORATORY

SPECIFIC PRCCE_URES,

THRG_GH_bT THE PRGG_AMS C_EC_S ARE _AOE CN IH._ HU._B_RS S_P_:_LIE_ uY

THE USER_ 'IF THESE D_ hCT FALL WITEIN CERTAIN ARBITHARY LIMITS SEI _ IN

ANY GI_E_ F_G_ _ _E_I_K WILL BE _RINTE_ _ TE[ CALC_LATiO_ M_F'r-ffe-

REJECTEG. THE REMARKS WEIC_ THE PECGRAMS WRITE II_ THESE EVENTS MUST

TAKE INT_ ACCOUNT TEE SENSIEILITIES OF A 70g-IG_GuICg_.

NCTE THAT EACH CARL TYPE EAS A CERTAIN INVICLABLE NAME (E._G.- =CELL=)

WHICH M_ST BE PUNCHEO Ih ITS FIRST SIX COLUMNS. TEE WHGLf PROCESS CF

CONTRGL IS EASEO UPCN TFiESE CAR_S ANti UPON THEIW URUER, E_XtHCISE CaHE

0



• 1.0-C2
g/63



ie

SYSTEM. THE CONSIDERAIICNS WHICH HAVE GONE INrC IHE CESIGN HAVE IRIbD

TC 8E MADE GENERAL _HENE_ER POSSIBLE. THERE IS G_E AREA, H_WEVER, wHIC_

ANY POTENTIAL USER IN ANY SHOP MUST C_NSIQER CAHEF_LLY, A_O ItIAT IS IHE

USE GF MAGNETIC TAPE. |l IS ALWAYS WISE TC MAKE A CAREFUL _TUDY _F T_P_

HANCLING PR_CEO_RES IN CRCER T_ SAVE THE EMBARRASSMENT THAT MAY ATTEN_

INJ_DICI_ TAPE A$SIGNkL=I_T_E.GL- R_-'r_-E L_B-CTR=_FI_'TRV_'I_-_UTPUT

TAPE ANC MSING IT F_R SCRATCH, CR TRYING T_ WHITE _N THE SH_P MCNIT_R)..

TC AIO IN TAPE _ANCLINGt SECTIC_ I.C CESCRIBES VARIOUS TAPE ASSIGNMENTS

SCHEMES T_AT ARE IN |JSE. C_NSI_ERATICN F_R _SE IN _THER SH_PS MAY

REQUIRE C_NSULTATI_M WITH T_E SYSTE_ PROGRAMMERS I_ TH_SE SH_PS. I_

THESE CASESt STUOY fiF _FFEN_IX IX (SECTION 3,g) 5H_UL_ REVEAL THE STLPS

NECESSARY T_ ACHIEVE N_EiI_ C_MPATIBILITY,

i._"
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t

LGAOER PROGRAM TC INITIATE X-HAY SYSTEM

_O

70
.e

THE FIRST LINK Oh THE -X-RAY 63= SYSTEM TAPE IS CALLEO =L(]_DER=, IH|_

LINK SERVES TW(] PURPOSES- FLRST IT iS UT|LLL_I] _JY =89CAR[;:, "BSFURT=,

,,BSBELL,,e ,,BSIBSY=t OR _hY CTI_ER NCNITOR SPECIFIC X-RAY SYSTEM CALLING

PRDGRAM THAI t_A_#BE WRIIIEN ILl INITIATE EXECUTICfl _F THE X-F_A'( SYSTEM.

WHEN THE X-RAY SYSTEM TJP_ |S NCUNTEC GN BSt REWUU_O, At_O THEN THE FIX_T

TWC RECORDS REAOt CCNTH_L I_ SEMI TC THE ENTRY P_INT UP =L(]AOER=., =hTIN=

THE BCC INPUT TAPE IS T_EN _EAC FCJR TtiE FIRST CCI_IR(]L CARD, EXL:CbTIL]r,_

THEN PR(]CEE_-S FRI_N THIS PCI_T,

TEE SECCI_O, AND PERI_AP$ f_C]AE INTERESTING FEATbH_ L]F _,L(]ACER" IS ITS

ABILITY T C] RECOGNIZE A L=LCACER, CARC ANC THEN r_E_-r__"(_ __._-- -

CI_NTRCL I_VER Tl_ THE -NEk- $'WSTE_, THIS FEATLIR_ PRQVI_$ A WAY CF ACDING

"O(]) __

Z

_0

_O

CA FCR SYSTEM UPCATING.

(1) THE FIRST I|2 LCCAT|CSS CF HIGH C_XMO_ ST_R_E M_ST 8L -E_EI_VLD A_

PR_T[CTE_ FCR THE EXCL_$|VE _SE OF THE SYSTEM, THIS MEA_S IHE INCL_V_

QCT.AL _I_IIS 77661 THRQ_GH 173C2, T_ INCL_E A PROGRAM I_ IHE SYSTEM

ONE _UST BE AWARE OF THE QUANTITIES STORED IN TI_|_ REGION (_EE API_E_CIX

Vlll). --

_°O

_7 O

! •

(2) THE FZR$T E_ECUTABLE ST_TEIWENT CF THEMAII_-I_R_GRAM MUST e_ _

--t_te_ (_xxxxxxt .......
WHERE DXXXX IS itALIC LINK LABEL (IF THE,,CaLLE; _x ICTIC ART (SEE A!ePENC|X V),

IF THEREXS A_Y [NFeR_TX(_N re e_ P[c_e_ u_' FRO_'ZH_ C,_LL_N_CAR_ TH_
STATemeNT-C_LL CALLER(_HX_XXXX)=_uST Be F_LL_,_e er_e_ ANYOTH_.

. AoWHERE I','IS THE _:[Hiq.eT CF THt-- CALLING CARE].

_O

II IIII
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(3) ALL IfWPUT/CUTPUT MIJST BE C_NE HY STATEMENTS _i_ICH USE AN _:PPHCP_IA[L

TAPE CESIGNATII]N IN THE LIST GF TAPES (REFER TC I.G-B2 Far _ETAIL3)°

FURTHERMCRE At_Y TIME ONE wR|TES GIN THE OCC CUTPL_T TAPE tNTC1L_T_t T_[_LJS- ---

RC]UTINE -'LINES= (AN ENTE¥ CF -CALLER,,) SHL]ULi_ BE CALLEC IN _R[]ER T_ KEEF

PAGINATICIN NEAT. TIllS SLIBRCI.JTINE HJlS SEVERAL VERY PLEASANT FEATUrES-

CALL LINES(2) FCR ANY -'HO,, FORMATS.

CALL LINES (N) FCR a CALCULATEC REPETITIVE FOI_MATo

LJNCT = 0 - TC CBT_fN flew RESTCHEC P_,G_ TC-STefl-T--t_-T

wRITE CUTPUT TAPE hT[J_Tt2 IF NO NEW PAGE WANTEt_

(PRECEEOEC BY =CALL LINES (2)= (_R =CALL LINES IN)=).

IP ILINESIIW)) HEAOt LISTt t_EaO HAKES IT PC$SIBLE T{] HEAC

Li_Ftfl_ AT Tl'_ TCIP OF EkCi_ PAbSt, -IF N LINES -,wILL

Nat FIT tIN A PAGE tHE PAGE IS I_[ST{]_EI_L[H[. L.It_E

COUNT_eS_;(_REOT_-LtN.X- ANt tHEn _ecrEN_n_,o

t_

0 ,_

EY =I_= AINI3 MIeN-ZERO RETURNEE iN THE =IF=

._._,t._.r.C.n.e_ _ _.r I in l_n.= JLa n_u:tm _t'_ .tn c r._,=C r_n .l.r1_.

i:_::ii:: ::c:iee, t_e _'_e CeUNt is _ecre_eNt.e_ ANOZe_O _s
RETURNE_, .aT =HEaO= OF CI_UHS_ A =CALL LINES(MI=

KEEPS THE CEIQNT CC]RRECI° EX_PLE-

IF (L t_ _, 1, 3, l
I CALL LINES(2)

WRITE CUTPIuT TAPE NT(_blo2
FC_MAT (3H_ A I

3 wRITE GUIPUT TAPE NTC_It4tA|J)
4 FCJRNAT (IXF3.O)

_ONTIN_E

(6) ALL CARE INPUT FRCM =NTIN= MUST BE CCNE THRCU6H THE =IFFI= _niRY In

-CALLER=, THIS GIVES =C_LLE_ = THE CPPORT_N|TY T_ FIN_ SYSTEM INSTRUCT-

ICN CARC$ (SEE 1,0-d4). THE FCLLCwING IS AN EXAMPLE CF O_E WAY IN WHIC_

=IFF;- {_fi_C_iC---F_fl =|F-PR|E_C C]ff FOE INP_hl _AY BE U_Et_, IT MUST _ ......

STxESSEC THAT THIS SUBR_UIIflE HaS MANY VARIEO APPLICATIONS.

EXAMPLE I- =ATOM- CARES ARE lg BE L_A_EO A_g EXECUII_3N
i

STARTEC UPCN E_CCU_TERING AN -ENO= CAk_. ANY _THER CAR_S /

_ST BE TREATEC AS RE_SC_ TO CALL -ExIl-.



0

0
L

I CALL IFFI (KZZ, 4HAT_N, 3HEND)
GC TC (II, lOl qq?5), KZZ

ll REA_ 12 aTCMI_ X, Y Z tB_ ML_LTz2 FeA_AT17x,_, 3_e•_, _6•t _•2,
O

lO1 CGI_T_ I

_e Te Z
g_75 CAL_EXIT

I

EXAMPLE 2- CNLY A SI.N,GLE -CELL- CAR_n !S PEKHITTE,.') AT THI _. ._':r_T,..,. --

i IFFz( zz  ,ce ,
REAE
REAC 12
FCRMaT |7X_6; 3Fe.3, 3F_.5, FT.,;
e

o

o

II
lI
12

r_

IGl CC_TIN_E
G_ TC",:,..

99_ _kLL E_!T

OR INSULT3NG GQCC-BYE IS _FI|_N_LBEFCRE CaL,LIN_ ,IEXIT-, IT i$ HOWEV£A

USUALLY APPROPRIATE TC PRI_; _S MUC_ SUMMARY i_F_ATI_ AS P_SSIBLE F_

DIAGNCSTIC PURPOSES _N T_E kaY C_T.

• EXIT=• wHENEVER a SUCCESSFUL CALC_LaTIGN IS CaHklEC C_T THE Pt_C_RA_

SHCbLC TRANSFER BACK Te STEP t -CALL CALLE_(OHxXXXXX)=.

1C S_HARIZE-

(l) aLL _AI_ PRCGRAMS CF LlhKS _UST C_LL =CALLE_=.

I2) HIgH CC_M_N M_S1 BE PRCIECTE_ A_O _SE_.

(_) TAPE CESIGNATI_S _ST HE C_R_F_LLY CBSERVEC•

(S) FGR CCRRECT PAGINAT|G_ -LINES= SH_LO BE USE_.

(6) C_LL =EXIT= FOR BAC E_C_ CALL =CALLER= FG_ _APPY E_C.

_CE A BINARY OECK has E_EN _SSE_BLEO WITH _LL IHE R_UTI_E_ IT CALLS,

SAVE Tl_-ffl THE SYSTEH UT|LITY SUBROUTINE P_CKAGE (OESIG_J_TLD BY T_

• _EGI_- CARC IN AN INITIAL SYSTEM LCAD)_ THIS _ECK _AY _E PLACEC C_ T_E

SYSTEM TAPE BY MEANS OF =LCACER= IN C_E OF TWO WAY_-



e

(l) IT t_AY BE tf_SERTEO EY UTILIZING THE F(JLLO_,If_G CARO OROE_ (SEE 2.1-_i

FCR CARC FCRMATSI-

LC_CER

L|_K

(BII_/_RY CECK _ICI_ t_KES UP THE SPECIFtlc:U LII_K)

ENC -

IF TIlE LOACING 15 SL_CCESSFIJL THE PRCGRaM HAY Tt_EN BE EX_CUTEO FeC__

TI_E NEIN SYSTEM TAPE.

(2) IT I_A¥ 6E LCAOEC ALCI_G _IT_ THE _HC]LE SYST[I_ FRC_ CARDS _HICH

INCLUi_E TI_E -BEGIN= CECK CF THE UTILITY SUS@CUTINE PACKAGE-

L(_AOER

BEGIN ........

_ (BINARY CECK CF t, TIL|TY SUI4ROUTINE PACKAGE)

L ; I_K

i_c

!,O

bJ

Z

(.8|IqARY CE_Clq MHICH _AKES UP THE $_PECIF[.EC LINK)
-T-1F ,h ;'L/

AT TEE TIME _LOACER: 15 EXECUTEO A STORAGE M_P 15 P_EPAREO G[V[_G TH£

RELCCATEC E_ITkY PCi|hT CF ALL SUERC)UT|NES AS kltLL AS I'H_|R RLL,rJCATtC]h

|NCI_EICE_Te ANi],-ZF NECESSARY, _NY O|AGNCSTIC REH_i_tKS. THE GE['_ERAT[13

• PRI3Ge_', Ie!_$'__:ll. E __li_L EXECU]IC.N C_LV IF GENEI4*T|t_N IS SUCCESSFLLL - --

IF IT FAILS, EXECUTION _ILL CChTINUE FROPI THE _LC PRI_GH_ TAPE (h.B.-

USE "*CATA= CARC klITH CAi4E},

e

e

,,*,
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PRaGRAN FGR THE CALC_LAT|_N GF STRUCTURE FACTG_ (LI_K lOGO)

C

e

o

IHE BASIC PROGRJ_MI_C _F T_E STR_CTURE FACFCR PROG_A_ _A_ _E8¥

JANES _. $TEHART AT THE G_I_ STATE _N[¥ERSITY D_HING LgSB-L960 F_i_ THe:

fEN TOmB T_IS PROGRA_ _AS _RITTEfi FOR T_E |B_ ?C9 OY JJPES M. 5T_A_T

XNC O_RRELL fllG_ AT THE U_I_ERSITY CF _ASHINGTGh O_RING t96_-1962.

THE STR_CTURE FACTOR CALCULATIC_ IS ACCC_PLISHE_ BY T_G P_G_A_S A_C

THEIR SUBRCUTINES- A PARamETER LC_CING PROGR_ _FL_E= (OR, FC _NE), _

A TAPE kRITING _NO STAT|STICS CALC_L_T|NG PROG_ =FCTk_= (_t FC T_O).

AT_Pl PtRII_ETER CAT/[_ USIJALL'V I Ft_(_N CtRCS ALTt,4CIUGI,4 ,'_ESULTS FRC)_ I CYCLIC

REFINEI_ENT ,SE(_UENCE ON i,A_]_ WILL ALSI'] BE _CCEPTEC, THE P,OSITICln_L

FCUIIIlll t_ll:© "C_1_'_tIE$ (iN AN =IlCNG- CARC), AN O¥1_RALL |SI3TRCP|C

ile
.Lr

TENPERdTURE FACTCRt HHEh USEC, IS P_HCHEC lh A =8= CARC. Ifi_IVID_AL

ATC_ IS_TRCPIC TEMPERATURE FAcTCR C_EFFICIE_T5 _AY BE P_NCHED IN TH_

m_t_m _ _l_ t __ _ &l_ _ _-- _ _Ull _[

VARIC_S INCIVICUAL _NISCTR_F[C TEMPERATURE FACTOR C_EFF1CIE_T5 8Y T_

CA_C NA_ES-

- . E_pee.(EET_(t,i|.fl_e2+;o.:;_Z.BET_(:t,3).fi.L)

=BIJ= _ERE O(IeJ) " 0"(PI.m2)m_(I.J)

=8N_RN= kHERE [HE FAC|_R |_ EXPHESSEC IN TER_3 GF 8(|) U=tNG T_REE
................. PRI_E-tFiL_4XES OF-IHE eLLIP$OIC_F VI:B_ON._ _NO

>_ E(ImJ) VECiORS EXPRESSING T_ _XIAL 0I_EETIEiqS EF THE

=BNCRNG= SIMILAR TC =ENCY.= _ITH CDEFFICIE_TS BASED CN G_I_ P(]INTS.

1.9) =UIJ= R_S =_PLIT_OE CF VlOr_Tl_ IN THE CRUICKSHANK F_Af (_EF. 1).

,e

)

ANISOTR_PlC TENPERAT_AE FACTGRS ARE C_HVERTEC I_TEr_ALLY T_ T_E fEr_

CORRESP_NC|_G TC =BETA= F_R CC_PUTATIONSI ANO T[] =BId = FEE EFF-L|_

LISTING,



I.I0-_
................... _/-6] ..........

ie

+:i

5

THE PROGRAM WILL ACCEPT tw|XEC ISCTRCPIC-ANISCI_CPIC OATA- [S(]TRGPIC

CCEFFICIEtWTS ARE+PUI_CHEC IN--TEE+=ATCI_ = CARC OR I+N _B--+-C-ARD$_-A_E ....... +....

ANJ_TRI_PIC C(3EEF|CENT$ JLRE Ia_IWCHEO IN A TENPERAII._EEACIOR _$'IL ....

FCLLCkiII_G TI_E =ATC]M. CA_C TC kP, ltCH IT APPLIES.

A Et_BER OF RULE_S_ APP+LY I_G THE_ S[L,ECTIQN.J.]_F TEMPE HAT,RE+ FAC,+T_RCJT.A .....

BY TIlE PRE]GRAP4- . .+;

(1) IF A TEMPERATURE FAC'IQR CARC IS READ BEFCRE ANY ,,AT(]I_,,, C]R -ATC]It,4G ,,,

CARCS+ THE PRCGRAM IS AIj'!CJNAT|CALLY PLACEC IN THE GVE_ALL TEMPERATURE

FACTCE _(]CE _NC _NY OTHER TENPERATURE F_CTOR CA'IA S_PPLIEO. ARE I_-(3RE_.

(2) IF ah =ATCIW= OR -,,tlTC]_G. CARC IS REAC FIRST, THE PRC]GHA_ IS aL_TC1-.......

NeTICALLY PL_T [NTO INO|VICUAL ATC]I, TENPERATLit_ FACI_R _.CI_E A._O_:t_

TEt_PERATURE FACTCI_ C_EFFICIE_TS N_ST BE StJPPL[EC FC+_ _ACH AIC]_. ........

13) A FCLL_Wi|NG TE_PERATI.,RE FACTC_H CAR_ _H_'L;HCECE$ ThE VALL_E f_._ =_= ....

(IF A_Y) PU_CHEC II_ THE PIRECE_ING =AT(IN= (_R =_TCiMG,, C._,tRC.

(6) IN THE IINi_IV|OUAL ATC_ TEMPERATURE F_ICTO_ N(]CE +W|TH +SEPASATE ..............

CARCSt THE _TCN [CENTIF|CATI_N Pt_P_CI_EC IN THE TEP_PERATI_RE FACT(3R CAgC

N_S1 BE I_EhTICAL wITH TFE |CEf_T|FICATTCN CCOE P_CHEf3 LH THE :ATGM= _R

=ATCMG= CARC PRECEECING 1C] +mHlCfi T_E TEMPERATURE FACTC]R _PPLiES. -_L_R_-+ ......

CVEA_+ THE TEIMPERATU_E F_CTCH C.aF4C f.tLJST FC]LLCW C[R_CTLY AFTE_ |TS+=A..TC_=

CR -ATCIqG- CARC.

[hi C;RCER T{3 UTILIZE "I_E P,._j_EFcS ST(]REO BY UAIA P,EC,1UCILCN T_E F[KSI

SEVEN RECC]RC5 FRCN THE "REFLECTIC_ TAPE" ARE _EAC. THESE RLC,JI._L_S C_W-

TAII_ ThE FCLLC]wING CATA (SEE APPEndIX IV_ $EC'[IC_ 3.,_. FC]R uEI+AILS) -

I

!
i
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CGMPOUNO ANO TAPE l_, CELL CO_$TA_TS.

BCD E{U|VALENCE TABLE OF ATOM TYPE COCES.

TEMPLETON OISPERSIGN CORRECTIONS.

SYMMETRY _PERATIOh$ F_R SPACE GROUP.

F-R_LATIVE SCALE FACTORS.

ATOM POSITIONAL AM_ TEMPERATURE
FACTOR PARAMETerS.

FLAGMTOccTA INO|CAIE hEXI R_C_ROINS REFLECT|ON DATA AN_
MAXIMUM VAL_ES CF Mt K, AMD L.

AT tHIS TIME, THE ATOM PAHJMETE_S FROM INPUT =ATOM- ANO TEmPERaTURE

FACTOR CAWOS ARE WRITTEh _h RECCRC 6 CF THE BINAWY OUTPUT lAP_t -A_G =

CJgC CJT4 arE C_.NV_TEC T_ FRaCTIONaL CELL C_Og_iNaTES B_F_R_ WRilifiG.

IME _TAIISTICS CCMP_IIN_ PROGraM, -FCTWfi-, CJLLS THE SUBH_UTINE

_i• _URING _PERATION, =FCI_O- CALLS -FCALC- WHICH CLEARS SUM_ FOR I_, K,

_:_ c,_. _tT-IEEN-SETS THE _n_c_i_G--INSTR_CTION$ _SED ON THE TYPt _ TI_P_
©

_• OF TEMPERATbRE FACTORS IEVOLVE_. A SET _F CO_E W_R_$ IN MEMORY CALLEO

-CALCCS(JI- ARE QUERIEC AN_ SWITCHES WHICH OY-P_5 UNMECESSA_Y PARTS _F

• THE PROGRAM ARE SET. THE -CALCCSIj|- ARE GIVEN I_ M_RE 8ETA|L IN

I_PE_OIX ill, SECTION _.3, AN_ _AVE THE FOLLOWING FUNCTIONS (I,E.-

• CONTROL THE FGLLGW!NG CALCULATION ROUTES), WH6RE EACH =CALCUS= HAS A

Ill ACE_TRIC, OR CE_TrIC CELL.

I2I OVERALL, OR INEII|_AL TEMPERATURE FACTOr.

I3I PARTIAL _TOM CChlHIEUIICN TC BE APPLIE_ _H_KE ANY UEbI_(_I; SETCF ATOMS MAY EE T_E_TEC AS -FIXEO- AN_ THEIR CO_T,|BLJTIC;N TU
FC IS STORED CN ThE REFLECTION T_PE.

(_l CChSIOER VALUE CF FC FROM PREVIOUS CALCbLATION AS A PARTIAL AT_
CONTRIBUTION.
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(5) [SCTR_FIC O_LYe CR M[XEC ISCTROPIC-ANISGIRCPIC IEHP_R_ruRE
FACTORS.

I6) =HI-FI- (5 CECI_AL _L_CE)v CR =LC-FI- (3 _ECIMaL PLACEI T_IG _H_
EXPONENTIAL F_CTI_NSt w_E_E THE LATTE_ EA_ ACVANTAGE GF
GREATER CCNP_T|NG SPEEO AhD HAS A_E_uAl_ ACCUHACY F_R M_T
STAGES OF REF|NE_T.

{7! NCR,ALcENTERIJ_E,-G,SPE¢I!'a_C6_SIT[CNSeCE_NUSUALETc.SCALING _F FC TC ACCCU_T F_

(el S_ME ATCMS RE_|RE EISPERSICH C_RRECT[CN.

(_) S_ME ATCMS RE_IRE |NCIVICUAL SCALE FACTOR.

(IO)-SC_E-REPLECT|Cfi CAT_ ECITI_G NEEDEC, ......

Illl USE THE INCLUOE_ -_SE_ PATCh, SUBRfl_TINE.

(12) APPLY LEVEL-BY-LEVEL F-RELATIVE RESCALING°

(13) A_TCMATIC SCALING CF ATOMS _T SYMMETRY CENTERS.

T_ TCR.(14) CBFA_N LEAST S_dRES _EFIfiE_E_T _F CV_LL t$_f_CPt__Tt_R_

AFTER .TEE -CalLC_S(J)-CCCES _AVE B_EN I_T_R__?E_ THE STkUCT_RE

FACTOR SUB-PRQGR_ -FCALC- CARRIES CUT THE CALG-_LAII_NS (E_ATI_NS 1-5)

EXJEPLil| NEITHER-H, N_R -K, |ECICE$ HAYE CHANGEC, _flL¥ =LZ- IS COHPUTED

TC CBTAIN TEE ARGUMENT (EuX(l) • K*Y(I) • L_Z(I)). FU_TEER_ THE ATCMIC

SCATTERING FACTCR IS N_I M_LTIPLIE_ UNTIL a GIFFE_NT ATOM TYP_ I_

SEN_E_ e¥ XHE PROGRam° FN_ T_E F_RE__E eIqEK_GE T_ _|_TS _iEgE

SPEE_ IS _F PRIMARY C_HCERN. NEITHER C_NCITIO_ t_CWEVERt IS MA_flATCRY

TC TEE CCRRECT CALC_LATICN CF lEE STRUCTURE FACTU_ BUT CCMPUIATICr_ TIME

WILL BE MEASURABLY SHORTE_EC IF T_ERE ARE MANY ATOMS IN THE C[LL.

(I| THE -ATCM- (ANO CCRR_SP_NOING TEMPERATURE F_CIQR) CA_OS SH(]ULD _E

_RCEREC IN GHQUPS _F ATC_ T_PES (I.E°- ALL ATQMS _]TH THE SAME SCATTER-

ING F_CT-_ SH_|JE_ BE L_e/O._r_eX_erl.

_._ THE REFLECT ......S _..................BE _u_,u _c, IHAT

INCICES CHAhGE _S LITTLE AS P_SSIBLE°

TEERE |S NC PRACTICAL LI_11 TO TEE NUMBER OF REFLECTIONS T_IAT _AY L_E

HANCLEC SliCE PRCVISI_NS H_iE BEE_ MACE F_R FILES CF REFLECII_N T_PES
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SHOAL0 THE 9GLUNE OF OATJ A_AILABLE COMPLETELY FILL A TAPE. THER_I [_ A

LIMIT _F 64 FACTORS Far SCALING LEVELS AND HENCE A LIMIT GF 64 LEVELS dr

GR_PS GF REFLECTIChS.

Tl_ERE i_ A-F_dRTI_ER-REST._T|CTIC]N _F i6 DtFFEREhT ATGN TYP_ FHR ft_E - --

ATOMIC SCATTERING FACTGN l_AfA. PROVISION HA_ (]EEl_ _ADE FOR SCALI_'_G

SCATTERING FACTOR DATA FOR EACI_ ATQt_ Iht GRIJER TC lAKE CARE _F AT_.S AT

• SYlUI_ETRY CRITTERS (kH|CH CAN BE CO[3EC TO BE OQNE AUTC]tMATICALLY BY

,,CALC(_SIt_3-1-_)t--_t AflY _tHER SC_L-I_fl(3 RE(_JIREt_ENT, EACH _T_tMIC F_t_h_ ...........

• FACTOH AS _T_RE0 (JN THE REFLECT I_h TAPE HAS ONLY C_I_E SCALE. THERC, FI_I,.''F

IF AINY _TGN-TYPE It LI_C_ITE_ lh _ GEI_Et_AL PGSITIGtw At_D AT A _YI_MET_Y

• CENTERt _UPLICATE SCATTERING FACTOR OATA MIJST BE _TGRED CN IAPE AT t_ATA

_- RECL_T|___IhC i _i i_i. AT(_CALE- FACTCI,I_ Wf-LL Bl_SS t@h-E_ _ --

_• . BY THE "FC_ PROGRAM,

d - _ a_|IHl4 USEI3 lh ;_ FC-Pta.CJGFI_I_I$ _ME .:_ _I.C_ _T_$ _RE

,_,•_ GENERaTEi_ 50 T!_AT ATOMS IN SPECIAL _POSITIONS ARE OETECTEC At_[1 THE SIJP_R-

b..

!i•
?

: 5

$_U_#E$ FR_GRd_ -RE_CECT1_m _R_-__TE_ 5_ TH6T ONEMAY H_VE T_-Tt[KE .........

PRECAUTIONS klT_ RESPECT TG SCATTERING FACT_ SCALE _Eh USING T_AT

PRCG_AW, IT _Y BE FG_C _SEF_L AT _ATA RECUCTI_ TIME TC PL_C_

ACCITICNAL SCALE_ SCATTERING F_CT_R UECKS FGH _SE kith ATCtNS AT SPeCiAL

P_SITI_NS. T_ESE Extra SCA1TE_ING FACTORS WILL BE _NNECESSA_Y A_u

U_k_NTEC F_R THIS FC PRCGHAF B_T MAY BE _SEF_L A_ fIEE_E_ F_R THk

LE_ST-S_UARES PROGRAM.

THE ATe_IC FerM FACTOR sCALInG FEaTUrE FACILITATe_ C_LCuLATIeN_ F_r

struCtur(_ cenTAznlnG v_rz_te _te_ EQul-p_INts. it zs _ORE¢_nven_ent,
And reeuces ¢c_put_n_ tz_e, ze A ,ezGHtEO SCATte_N_ _Actur oEcK zs .....

BE CALCULATE0 AT EACH EG_I-FUINT.

EACH GF THE ATOM-TYPE SC_TTERifiG FACTORS NAY HAVE I'H_ TEMPL£TC_

_ISPERSIGN C_RRECTIGN (2,3) APPLIE_ AS _ESI_C [F T_ES_ C_CTICh _AIA

HA0 BEEfi STGREC GN THE _EFLECTIGN T_PE CURING _i_ *_E_UCTI_I_. TH_
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SCATTERING FACTGR IS GItEN _Y _QUATION 6. FGR IHIS CORRECTION, T_E

MAGN|TUCE OF FC WHICH IS TC 8E CC_PAREC WITH THE EXPERIMENTAL V_L_E IS

GIVEh 8Y EQ_ATICN 7, T_E CC_RECT CCEFFICIENT FOR ELECTRQN-OENSITY MAP3

IS GIVEN DY EQUATIO_ 81 ANC THE AMPLITUDE FC_ CIFFERENC_ SYhTHESES IS

GIVEfi EV EQUATICN 9,

THE LIMIT t_ THE NU_BE_ CF hCN-ECUIVALENT ATCMS WHICH _AY BE

CALCULATEC CEPENOS UPON I_E SbERO_TINES USEB BY IHE PRQGRAM AND T_E

N_MBER ANQ CCt_PL_TYCF THE _SER-S_PPLIEC RQUTIN_$, THERE A_ APF_CX.

221C00-26t0C0 CELLS AVAILABLE IM MEMORY FCR THIS AICM PARAMETER CATA-

THE fi_MBER CF ATOMS BEING CETERMINEC BY THE TEMPERATURE FACIQRSo

TE_PERAT_AE FACTCR

QVER_LL IS_TRCFIC

INCIVICUAL ISCTR_P|C

REQU IREMENT_

CELLSiATOM

_F A ION S

2_-2666

1C CELLStAT_M 22a0-240o

THIS LI_ITIATI_N QN T_E hUmBER QF NCN-EQU|VALENI ATOMS CAN _E REAOILY

GVERCCME BY ANY MULTIPLE BY THE USE GF A -PARTIAL C_NTRI_UTIGN_ CALC_I+A-

TICN I_ _ E_LTI-_ASS NETEC_, C_LC_(4) CAN BE CU_EO S(_ THAI THE FC

CBTAINE_ FRCM ONE PASS CAN EE CONSICEREC AS A PA_T CF THE T_TAL C{]NTRI-

BbTION TO THE FINAL FC, THiS PARTIAL C_NTRIEUTI_I_ iS 4CCED TO THE VAt.UE

CBTAINEC IN A SEC_NC PASS, ANC THE IQTAL MAY, IF _ECESSARYt TH_ +_E

CCNSICE_EQ A PARTIAL CEfilRI@_TICN TC A THIR_ PASS, EIC., ^0 ABSU_UM.

THE USE _F THE -FARI|AL C_IR|_TI_N- M_OE IS FI_RE QFTEN USEO iF A

POSIIICN$_ _R _ GRC_P GF ATOMS IN A TRIAL STRUCTURE WHOSE PARAMETERS ARE

NCT V_RIE_). THE CCNTRIEUT|C_ _F THESE =FIXEO- AIUMS T_ TH_ STRUCTb_E

FACTaR IS C_LCfiLATEC _fi CNE P_5S, A_O CNLY 1HOSE ATOMS WH_S_ TRIAL

PARAMETERS ARE T_ BE VAHIEC NEEC _E CALCULATED IN ALL S_BSEQUENT C_MPU-

TATICNS, IHIS MODE WILL 8E _F INCREASING USE wFERE P_TIUNS OF L_GL

MCLECULES _RE FIXEC WHILE V_RI_US T_IAL STRUCTURES FUR THE _EMALNING

ATCMS ARE CACCULATEC,
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WHEN THE CALCULATIGI_ FOR A GIVEN AEFLECT|_N I$ CGMPLETE !HE RECQHO |$

WRITTEI_ C]UT_ THE STATISTICS CCMPILEC ANO THE NEXT REFLECTIC_ REAC,

WHEN THE PR_GRAN ENC_UhTERS AN :ENC-_F-REFLECTICI_= RECC_RC CN THE TAPE

THE CALCULATIfJN CF STRUCTbRE FACTORS IS TERMINAIEB.

-FCT_C- CCNPLETES ThE CCMPUTATI_I_ BY WRIT|NG C_; REFLECTION C_UNTS

ANC NEW SCALE FACTI_ES FOR E_CI_ LEVEL, IT IS P_SSIBLE TC MAII_rAIN The

RELATIVE GROUP-TO-GROUP SCALIhGt ANC APPLY Ah C_EHALL MIJLTIPLICATIVE

SCALE FACTOR CHANGE. TIllS t, EJhS TI-tAT THE GR_UP-T_-GR(]IjP RELATIVE

SCALII_G OCES hOT CHANGE_ ChLY Tt_EIR MAGNITtJi_ES. TEE MULTIPLICATIVE

SCALE FACTCI_ IS LCACEC AFTEw TEESE GRCUP-TC]-GRCI_P FACTORS Tf_ BE M(_L_IFIEi_

AND AhY StJESEGIJENTL¥ LI_EC GRCtJP-TC-GRCUP FACTCt_ WILL SUPERCE[)E V,_LUE_

ALREACY 5TELREC,,, THI_. FE_T _l_-i_flA#Y T_PE IS f_t_Wt4 |I TEN WITH THE flEW

RESCALE FACTC]RS AND (IF OVERALL ISCTRC_PIC) Tl_E L_EAST S_L_ARE_ CHAliCE IN

GVER_ILL TEEPEfi_TURE FACTOR, ThE RELIAB|LIi'Y te_CEXe R, iS WM|TTEN FCi_

EACH LEVEL ANC FI_R ALL CJTe,

I HE. :.e|iM i$_l e_iTaR_.! .l(o Is eBTAI_EO Fl_el_ ti_ l CLO SCALE FAGtQ_,

K-PRIFE_ BY E_u_-TI_ei_I_ THE L_E_ST _:UARES _URREC_I_N Ti_ THE OVERALL

IS_TRGPIC TEMPERATURE F_CTGi_ IS CCMPUTEC HY NIN|MIZINC THE kESI[_I_AL IN

ECU_TICI_ ll_ ANC THE RELIAE|LITY I_CEX IS GIVEN _Y E_U_T[__ l?, FINALLY

mFCTWC- PRIt_TS CI_-LINE ThE FIhAL OVERALL VALLJE CF =H= INCICATING THL

CCNPLETICI_ CF TI_E C_LCt_LATICN,

L ITEI_AtUflE CITEC

19

:3 e

111

(21

(31

CRUICKSHANKt O,W.d,- ACTA CRYPT. 11_56). VGL _, PAGE 7¢7-7_8.

I.U,CR,t -INTERNATIChaL IAELES FOR CRYSTALLOGRAPHY=. BIRMIt_GHAM,

THE KYNI_CH PRESS. VOLUME 3, :PHYSICAL AI_C CHEMICAL [ABL[S- libidO)

P,_GE S 21]-216.

PETERSCN, S,W., NATbRE (I_55), V_LUME 170, PAGE 395.



• 1.36-I

e

=CHFLS- BUS It_G-MART Ir_-LEV_

FLiLL-/_A1"R|X LEAST-S(_UARES PkC]C.rtA;,i

THE F_TRAN CCDt6G CF THE F_LL-_ATRIX LEAST-S_A_ES PR_G_A_ BY
=

W.R.BUSINGe K.O.MARTIN_ AhC H.A.LEVY (GRNL-TN-SCS, GAK R|OGL _ATI_NAL

LAECRATCRYI HAS BEE_ MCCIFIEO T_ CCI_FCRM _ITH THE =X-RAY 63= _YSTtM _Y

J._°STEWART. REFERENCE I_ IHE CAK RICGE REP_KI wILL 8E PO_O T_ _E

HELPFUL.

THE SYSTEN VERSICN CF THIS PHGGR_M RETAINS E_LY THCSE PARTS CG_NECTE_

WITH FINCING CERIVATIVES_ B_ILCING THE MATRIX, _NC CETE_INING lhC

SHIFTS IN _TC_IC PARAMETERS, _GNE CF THE _ATA CA_CS GF THE GRIG[hAL

PR_GRAN ARE U3EC BY THE S¥$1EM VERSIGN. THE STR_ET_RE FACTOR SEC|I_h

_eSERV_T!ONS I s LIMITEC _NL¥ eY THE NUNBER OF REFLECTE_$ THAT _AY BE

5TC_|Q ON one REEL CF TAFE,

PATCHING F_R SPECIAL PCSITICfiS M_Y BE C_RHIEC _UT IN T_E SAME WAY _S

CESCRIBEC IN THE _AK RICGE =_RFLS = _RITE-UP° THIS_ HOWEVERo _ILL

NECESSITATE N_KING A SEP_R_ZE SYSTE_ TAPE FGR E_CH C_MPCU_O T_T

REd,IRES SPECIAL PATCHING (SEE =LCACER-_ I°C). A_ IMPCRTAN[ CHANGE WITH

RESPECT TG PATCHING IN,ELVES THE S_RGUTINES =G_P_C=, =ER_E3=, AN_

=CRBET-, WHCSE CALLING SE_E_CES AkE _-

CALL PATCH(INS_,I_IJtHJ_H_JtIREJKT,AI_M(|))

WHERE INSY_ I_ T_E M_MOER OF THE CbHWI:NI _YMMET_Y
QPERAIICN IN PROCESS

IREJKT IF _ETURNED = I CAUSES C_NT_|OUTI_NS T_ EE

_A_E T_ FC JNO THE CERIVATI_ESt wHI_E _ :"- CAUSES THE _CNTRI_UTIENS FGR THE ie_n o_M
GE_ER_TEC BY THE IMSYM,IH GEN_RATI_ [0 BE
LEFT CUT°

ATCMiII IS THE ECC CESIGNATIE_ CF THE AI_ BEING
FRECESSE_.

C_LL RESETXiXYZoATCMoNA)

CALL RESTEB(BEIA_ATC_,_A|
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IRE SYSTEH VERSICN CF -C_FLS- PERMITS L75 VARIABLES, ?Z4 PARAMLTE_St

6G AT_S IN THE ASYmmETrIC LN|Te 64 SCALE FACTOR• a_O |_ FURN FACTOR

TYPES. FI_EC ATCN CALC_LATICfi$ _RE POSSIBLE SO 1HAT THESE KE_T_icTI_$

NAY BE N|T|GATEC BY LARGE BL_CK REFINEMENT.

T_E L[51 _F CONTROL CARC5 RE_UIREC H_S B_EEr_ RE_CEO 5|_CE TUE _A[_

CELL AND HEFLECTICN INFC_AIIC_ IS REAC F_CH tHE _YSTEM OI_RY TAPE

=NTAPE_= _NC AN UP_ATEC IAPE IS GENERATEO AT THE EN_ _F THE SPECIFIE_

NU_EER CF CYCLES QN -NtAPEB- FCH SUBSEQUENT _SE (St_[LA_ T_ -_RXLS-_-f_-C--

EXACTLY LIKE -FCUREF-),

TEE BINARY T_PE HAS S]_RE_ _P_ IT ALL THE 5CATT_HING FA_TCK, CELL•

SY_METRY_ REFLECTION, A_C P_EVICUS ATOM PAR_NEIER [NF_ATI_N. -_PR_=

OF lEE SYSTE_ [N[T|_LIZE$ TPE PAR_VETER REFINEMENT INI]ICAT_ TO HEF|NE

aN FC_CA_F_S, X_ Y, Z, e_O T_E TE.MPERAT_RE F_CT_R S -_ ALL ATC_

N_Y BE USEC T_ CHANGE THESE INQICATCRS AS CESI_EC (E.G.- F_R REF[NENEN!

L_
HEL_ CCNSTA_T A_ _I_Z_R_$C_L=e ANC -ENC_-C_RO A_E THE ESSENTIAL

CAHC$ EEE_EC 8Y ICRFLS=),

SUBRG_TINES L|KE =C_LLER=e =TIME=t ETCoe HAVE BEE_ AOOEC TG THE G;:IGI_AL

PRCGRA_o =CRFUN- IS A_ALCGCUS TC =FGFU_= CF THE FC_IER P_G_<A_ IN THAT

IT _TILIZES TEE SYMMETRY INFORMAT[_ _F -GEN_ CF _ATA REC_CI|GN TCJ MAKE

PCSSIBt.E T_E GENERATIC_ CF E_IVALE_T REFLECTIONS BY MEA_S _F FO_

CCMPUTE_ (GC TC|tS PER HEFLECTICN. THUS THE F_h|E_ COCES _E_VE FOR

STR_CT_RE FACTQR ANC CERIVAIIVE CALC_LATI_h$, -_WT= C_SE$ IHE LAILST

RESULTANT P_RANETERS TC EE kRITTEN CN THE FHONT _F THE C_TP_T TAPE

z_T_PE'a= TC _c.vc _S _nr_, IC S_cwuc_ CYCLES (_S "r_ "_nc...... ,_ _^c_......

IF CNE CE_CSES, =ATCH= _NC -UlJ= CARDS HAY BE PE_CHEB A| THE ENC _F EACE

CYCLE AS INSURANCE _GAI_SI _AT_IX SING_LARIT|ES C_ N_-P_SI[[VE _EFINITE

TE_PEHATU_E FACTCRS.
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THE FOLLCNING OPTlflE$ ARE _C_ PRCGAAMMEC lhTC =CRFLS=,

1, NUMBER CF CYCLES (_A_|M_M g PEA =ORFLSm CARCI, HOlE THA| AN

I(S_M DELTA F)/(S_ FC) FCR OESERVE_ REFLECT|_N) GREATEt_ THAN 0.6_ _-

riLL CAUSE ONLY-_EC-_LE TC eE CALCULATED= AN INCREASE |N _

fl,C_ _[LL CAUSE CALC_LAT[CN TC TERMINAf_ A[ THE _C OF THE C¥C_.._

Ih _H[CH THE INCREASE GCC_RS. CF CGURSE _EFINEMENT CAN 8E F:fl_CEO

e¥ MGRE t_RFLS_ C_CS,

8E REFINE_, B_T ChLY CfiE _CCE F_R ALL ArC_$ IS PEfi_lTTE_. _LL ---

_EFERENCE TO eN CVEHALL TEMPERATURE FACTOR H_S SEEN REM_VEO. THE

PR_R_ IS C_CEO T_ CGNVERT Ih EITHER _IRECTIC_ CR FROM MlXE_

MCQE IF PREVICUS C_LC_L_TIChS _ERE C_E CN THE SY_TEN FC PROG_A_o

THE C_NVERS|_fi FRCP _hISCTRCPIC TC ISCT_P|C I_-_C_[_'_8¥

TH[___[SPERS|@IN CCRReC]IC_ R_TIaS _RE CALC_LA|EC BY t_e eC LI_K

4_0 UTILIZEO BY CRFLS TC C_eRECT F _eservE_.

Q. F RELATIVE SCALE FACTCR_ P_Y 8_ L_ACEC FRGM CAHOS G_ SPEC[FI_ TG BE

TAKEN FROM THE SCALE _R _ESC_LE STORAGE 6F IHE 8|NARY TAPE {SEE FC

_RXTE-UP). SCALE FACI_RS _SEC ARE SCALE FACT_HS THAT APPLY TC F-

RELATIVE SO THAT C_RIhG EXECUT[CN OF THE LCAST-SC_A_ _EF|_4EMENT

THE REC[PRCCALS ARE CCMP_TECo ALL _UTPUT H_EEVER NC_ REFERS T_

F-RELATIVE SCALE F_CTCRS.

SC3IL_OR REFINEFE_T IS HANDLED IN TEAMS CF T_O S_LECTiCN _ECH_N|SMS.

CCLU_ 25 IN THE =CRFLS, CA_C SPEC|F[ES _bE[HE_ SCALE C_ HESCALE

FACTORS FRON THE EIN_NY INPUT TAPE ARE T_ 8_ _$ED. -SCALE d CAROS HAY

EE USED TC SUPERCEEC.CA aLTE_ THE BANC AS _S_AL, =_CSCAL= CA_S SET fHi

REFiNENENT SWITCHES CF =_RFLS = _CC_RC|NG TC THE FCLLO_I_G,**.,

I-flCSCAL= C_RC _LdNK CA ZER_ IN C_L_ 1'1-20 SHUTS _FF ALL SC_L_ -_

F_CTCR REFINE_LhT.
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A m _CSCAL,, CARe RiTE -I lh C(]LS Ig-20 SETS REFINEMEt_T L]_ _VE..RALL

LINEAR SCALE, ALL LEAST SCUARES GRGUP BY GROUP SCALE REFINENEt_T lS_

SFIJT (_FF,

A =NC_SCALI CARl] WIIH A SCALE GRCUP NUMBER iN CCLS _L9-20 SH_IS _FF SC

i_EFINEIWENT FGR ThE SPECIFIED GRGUP,

WHEN N_ -NGSCAL, CARL(ST IS INCLUDED.,,. SCALE FACTC]R REFI_EN-E_T W_

BE TURNED CN FCR ALL GRI_IjPS ESTABLISHED AT DAIA REIJUCTIO_N [II_E.

AFTER REFINEMEhI THE SCALE FACTC]R BAND CONTAINS THE STARTING SCALE

FACTC_R$ SPECIFIC0 CN T_W_ ,.CRFLSm CARD _NO THE REStJLTS CF ThE FLNAL

CYCLE iN THE RESCJI.E EANC CF THE BINARY C_UIPUT TAPE, IF IE_ CAR•

P_CHING FUNCTII_N iS _JSED THE INTERMEDIATE RESIJLTS _',E P_MCHEDo

5, T_IG FbMCTICNS MAY EE SPECIFIED-T(] BE EITHer II_REE: t_R FIVE DECIIWAt.

ACCURACY (LC-F I C_R I_I-F Il,

6= E!T_ER T._,E-u_EZ__ET$ S_QRE_n _.E -'NT_PE_- n_E UN!T __EIGHI HAY BE _-.

SPECIFIEO,

7, I_ pIJINCI_|NG {IF mSC_L_ ,,AIOIW,_'_"_'ANI_-elJ- IIF ANISI_TROPICI CARCS /IT

THE END (IF EACH CYCLE M_Y BE SPECIFIE_, REMEMI)ER THAI IN THIS

CASE THESE CARD IMJGES wILL APPEAR ON _I_TAP_C=.

tl_ ACC_T|B R P1;_I_C_h(i-IINTERIWEDIATE rE$ULIS THIS SWITCH fl_F_ ---

PC]SSIBLE THE IGNCI_IfiG OF NI3N POSITIVE DEFINITE TEMPE:,RATURE _ARAMETERS

(_R ELSE rile SETTING RACK I(] PCSITIVE DEFI_ITE_ESS Ar_Y wi_ICH GLI _AI].

B. _LL REFLECTICN INFCRI_TI{]I_ I_AY BE LISTED DURING TH_ LAST CYCLE IF

CESIREO, IF THIS $1GI_L IS =TURNED ON= THE CCRRELATI_N MATRIX

WILL BE LISTE_ A] IHE EI_i_UF IHE LAST CYCLE, THE CORHELATI_N

_AT_X tS LISTEO I1_ A -F(_LOEO- F_RMAT IN wHICH EACH R_W IS

hUMBERED WITH THE _/ARIA_LE hUMBER ANTI $TAHTING FR(JM THE DIAGC]_wAL

ELEt_EINT AIqC GCING _CRCSS THE C{]LUMNS TEN C)h A LINE, C.E_,TAI_ CTHER

LISTII_G FEATURES EF ThE PR{]GRAM HAVE EEE_ CHAr_GEI_ TO CC],'_FC]R__|TH

THE SYSTEM (E,G,- TITLE hANdLING, PARAMETEH LISTING, biD,l.

q, C_RIfiG EIiER¥ CYCLE II_CSE REFLECIIL3NS F(]R _HICt_ It_E WEIGtIT_U MaGfiI-

TUCE CF DELTA-F IS GRI:ATER THAN Rr M_Y BE LISIE_, THIS IHDICAIGW

PAY ALSC BE _SED IC C_$E Th_ CC]RRELATID,_ MATRIX T_ Bu LISTLO AI

THE END {IF EACH CYCLE,
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I0. Ct_E MAY SPECIFY THAT A =FIXED ATCM= CALCIJLATIC_N IS CESI,_EC_. _HC

CPTIChS AHE Tl_E SA_E _S IN THE FC PRGGRAN

(AT NC FIXE_ ATCIW CCNTRIBIJIIGI_.

me

0
D

.IB) THE STi_F_EO VAL_S FCH FIXEQ AT GM$__AS ESTABL ; S,_L_W IS [{_........... _.... lSH_E_ L__"__ _

BE USEC AS THE FIXED] ATOM CONIWI@IJII_N.

[-(:)THE PREVlO_S FC*S CN THE _INARY INPUT IAPE -NTAPEA= A_E I_ .......

BE USED AhC I_EIR VAL_ES ESTABLISHED AS T_E F_TURE =FIXE_

ATOM- CCfiTRIB_TICN F_R FUTUTRE FCOS.

II. THE CPTIGN GF TREATIhG hEUTRON DATA IS RE[AI_E_.

[_, IF _ PARAMETER C-_I&-G-CHEkHANC|N_ FACt{_R IS SPEC[FIC_ A_ ,._CL_a'f.

FACTCR C/IN NI_T BE ZERC CR NEGATIVE.

L'.J

©

t_. _i REJECTICN-R/II_I_RT p_V EE sPeCIfIED t(_ ESTA_B-LIS_ A CU[ (JFF FC]R LISYIN

REFLECTI(_NS WHI]SE WEIGI_TEC I]ELIa-F IS LARGER THAN R_,

I_. a LIMIT MAY BE SPECIFIE{ F_Q T_E WEIGETE_ _ELIA-FIS SUCH IHAI ANY _ELTA-F

HIGHER THAN T_lS LIMII WILL BE REJECTEO F_C_ CC_S[_ERATICN _U_iNG THE

LEASI SQUARES CYCLE Ih W_IC_ IT CCCURS.

I5. IHE NEED FaR PATCHINQ MAY BE SIGNALED.

HANOLE THIS PESKY eeT, IC. IS FELLOW THE  USIN -LEVY AS
• _' _ESCRIBED IN THE OAK EICGE REPORTS. TEE eTHER IS TO _SE THE ADDED

BCTH METHCDS ARE ILLUSTRATED IN APPENDIX VII _F THIS MANUAL. IN
_• EITHER CASE GREAT CARE M_ST BE EXERCISED. I_E ORDER CF tHE SYNMEIRY

_PERATIGNS, IHE aIDeS, AhC THEIR RELATIVE -SPECIAL- PGSitl_, THE
PGS$IEILITIES GF Ifi_I_lC_AL ATCM SCALING_ ALL _NEE_ TO B_ CG_SICERED.
TEESTRUCT_RE FACICW LINK (FC) WILL CALCULATE FOR ALL SPACE G_CUFS

'_ ANDR IDENTIFY THE._ TYPE _F SPECIAL POSITION _F _ACH ATOM. _HI_ MAY BE,

__ I_ r_l___MrL3 _V I_C _CllihG BACK _F H, K, AND L THE Tw_ PR_GRAM_
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FOURIER SYhT_ESIS PROGRAM (LINK _COOt

C,

THE INITIAL PLAN FCI_ PRC(_At_I4[i_G THE FCtJR[[I_ SY_IHES[S P_C_/_Al_ _5

WORKEC CUT BY LYLE H. dEhSEh AkC CARRELL F. HI(_h,, ThE INITIAL PRCC_A_-

NING _aS QChE BY CARRELL F, HIGi_ AbE ERCIJGHT TIJ ITS P_ESENT F_JI_M i._Y

JAPES R, H_LOEN ANO JAI_ES N. $TEHAHT.

T_E REF|EENENT GF CRYSTAL STRIJCTIjRE$ IS FAC|L!T_TE_I9 eY U_E CF FCzJ_!E_.

TRANSFORNS, C(]CHRAh Ai_C LIPSCI_ (l)t 8UERGER (2)t ANI_ NANY uTHERS S_PPL¥

[NFCRI_ATIGfi ON THE IJSE _F T_|S VALUAOLE TECHNIQUE. _HIS FG_RIEH PRCGRA_

WAS CESIGNEC TO HAVE A HI_IqBER CF FE_TtjRES-

(A) _tJTCNATIC OPERATII_N FOR _LL SP_CE GRCtJ_S.

(B)--aNY C_¥E_!E_T G_.z_ (I,E,--1/6C, 1113, ]_.'T73---$_E-n__u.!$!_-_S OF

AX|$ _glII|TR_Rir _ITE_I_ L[I_ITS I TO 1/2627 I_ FIRST L_|-_CTIO_,

Z

/i

L_

i"7 •

J (,

l" e

)

1C1 PRItNT 13UT CF FCtJRIER _P REACY TC BE CeNICUaE_
WITH S_PPRESSIOIN CF E_CKGRf_tjRC TC F_CILITAIE _[S _PERATI_h CR
PERH_IPS ELININATE IT_ _ECESSITY.

(C) INAI4Y EASILY SWITCI_EC C_PTIC_h$ FCR C_EFFIC, IENT5o

(El @EASCNAELE SPEEC,

IF) NO RESTRICTICNS _ REFLECTI_ CRCER IEXCEP[ F_R MAXIEUM SPEE_I.

(G) PREPARE A BlhARV TAPE _F THE _AP T_ SERVE AS INPUT T_ C_HER R_TINES,

A PAPER BY JURG EASEH 13l _NC _ PC_CGRAPH BY L[PS_N AND IAYLCR |4)

SERVE TC PCINT TEE kaY IN kFICE CCRCITICN (AI NAY BE _EI, A SYN_EIRY

RECIPRCCAL SP6CEt TEE TH_fiSFfiSEC R_TAT[CN _TR[X _E[NG APPLIE_ T_ TtiE

[NCICES H_ Ke ANC L, AbE THE T_ANSL_TIO_ FORE|N_ _ =FRINGE FUNCTIUfi=

_HICH NCCIFIES THE PHASE, I_E ACTUAL FCURIEH S_ATL_N IS _CCO_P_I_HEC

BY S_PNING ALL SPACE Gfl_PS _S IF T_EY HERE T_ICLINIC USING Tt_E _ETHG[_

CF FACTORING SHCWN IN APPENCIX VIii SECTION 3,7,
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TI_E REFLECTICN TAPE, F_WEVE_e CGNTAINS _NLY A UNIQUE SET OF REFLLC-

TICNS PLUS THE NECESSAfl_ IN[ICATGRS TC I_AKE PGSSI_LE THE _U[_ATIC

GENEI_ATICN DF SYNMETRY-flELAIEC REFLECTICNSo SUEI_C_UTINE =GE_CHK= L_F THE

DATA RECUCTICI_ PRCJGRAN =CATt_Ch= A_ALYZES ThE SP_C_-GROUP SYMMETRY _PE_-

TIChS FCR A SET CF RGTATIGN MATRICES (R) ANC TR_hSLA[|Gfi V£_rU;S iT)

ANI'J STCRES THEM IN A FCRI_ USEFIJL TC S_RO_TINE -GEN-. =GEM= APPLIES Ti_E --

GENERATIONS TCJ EACH UNICIJE .gEFLECTI_N aNO 8UIL_S A SET CF CLJOES WHICH

OEFII_E FEE EACH REFLECTICh lEE CPER_TI(_NS NECESSAKY T(_ GENEHATE THE

a,rrETRIC_LLY .,"CLATEO_ _EFn=rTtrk¢ T_r n_atxcN_ N_Y INCIUI_E SIGI_

CHAI_GES ANi_ PER_IJTAIICI_S _F H| I(, AhC L, ANC PI_ISE _t3T_TIONS C_F A ANr_ _.

StJERGUTINE "FGF_JN" t_SES |HE _IJTPLJT CF -GEM,| T_ CELIVER THt_ CL_RECI

GENERATEC SET IPRCJPERLY CCNEII_EC AIh,K,LI|, AI-I_,K,L), eIHt-KtLI,

a(H,K,-L) _N(] SIMILAR B TER_S A_E RE_L_IREC| T_ "FOSLJN,. ThE FCURIER SLJ_-

MAT|I_N FRCGE_I_,

THE CALCi_LAT|CN$ ARE I_GhE BY FACTORING THE TI_IEE_-OIMENS|_NAL -_NI_A-

_NI] L|PSCIN,_.. SLIFI_ATICN |_ CANE_Ei3 OUT O_ER I_lqE I_EM|-SPHI_RE CF RECIPROCAL

SP_CE, SYMWETRY-REL_TEC REFLECTIC_S BEING GENER_TEC FRGM A I_NI_UE SET _F

CBSERVATIChS,

THE SYMMETRY (]PERATICNS _F THE SPACE-GRCI_P3 _Ay BE _q_ITTLN IN TEN_._

CF RCTATICN MATRICES (R) dfiC THdt_SLATICt_ VECTORS (_1 (SEE E_UA_ICr_ 1).

WASERS I_ESI_LTt IN MATRIX NCIATICN, IS GIVEN IN E_I_ATICJN (2)°

TABLE I,_O--[_--Tt.rE _LLCWEO VaLUgS t-Cfl-=F_INC-E _-UNC_T_d_,r_

THE C_YSTALI, OGRaPHIC SPeCE-GRCUPS, ALSC TeBULATEO ARE THE' EFF[CIS CF

THE REAL AhC It_AG+INdRy P_RT_ CF FtI_I. IN AI_I_ITtC_N TO TI_E PHASE CHANGE,

THE Pi_CBLEN CF THE fiENEH_TICN CF ThE SYMMETRICALLY RELATED INDICES

IJCESIG) FCR EACH ACC_flCING TC TABLE l.kO-II, IN THIS TABLEt (KK) IS

CARRIEC IN THE REFLECTICE R_C_RC AS A RESULT CALC_LAT_C i]Y -G;_N-,

-FCFUN- CALCULATES ,_-PE|_E ,ehC E-PRIME UNDER DIRECTION GF (KK).
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FCR fiI_I_-CIAGCNAL ROTA]|ChS TEE _-JIGHITUDE OF E,K,L AS I_ELL f,S T_E

SIGHS _ILL I_E ALTEREO - IN 11_1S CASE :GEN,, PLACES TEE VaLVE_ CF T_£

t4AGfiITLJCE CF H-PRINE_K-PHII_E,L-PR[I_E BETI_EEN L_ACE SEI fJF (KK)-S Ar,_[_

(JCESIGI-S.

TEE FAXEI_Uiq NUNBER CF (dt_ESiGl-S USE[} FOR t_l_v _NE REFLECT|C]N IS FC]L!Rt

BLJT THE PARTICULAR VALLJE$ LJSEC CEPEI_0 C]N THE 5YI_NEIRY OPERAIICJNS tJ$cO

ANn THE S|GI_S OF THE REFLECTI_ INCICES SUPPLIEC. THE PROGRAM TREATS

THE LAST Fl_t_R Ry CHANGIhG TEE S[GI_ CF B"Pi_IME At_l_ St_BT_ACf[t_G I_CL_ F_Ct_ .....

(JCESIGIe SINCE (B'FRIEE(-E_-K_-LII =,-(B-PRIHE(t_eK_LII.

IN TEE I_ISCUSSICN Ti_T FCLLCkSt THE CeNCEP[ CF -SCafil_If_G = _R _,SUe_A-

T|Ch= 0ROER WILL BE L_SEC- |HlJSt !_(11 IS TEE [NCEX SU/_NEt_ GVER F[_SI ANC

X(L) TEE CCRRESPCN0|NG C(_RCI/_eTE N_:LL BE I_SEO. iT VARLES F_C_t_ i_AGE-TC -

PaGE (SECT|CN-T(_-SECT_CI_) ll_ THE CL_TPUTo S|/¢ILa_LY, _(_) [5 SU_:_

HI3) IS SUtqNEC _H|RC ANC X(3I VARIES I_(_R|ZCi_TALLY (PC]II_T-TC-P_NT) _LCNG

SENT$ THE CC(]Rn]NaTES a_lC |fiOiCES REFeFtREC tC tEE[_ CONVENT|C_AL AXES.

PH(]GRA_ INPL_T [S ALkAYS [1_ IER_S CF TEE CC]NVE_T|C_eL r_I_ECT|(JI_Se tHE

SCANN[fiG C]RCER EEING SPECIFIEC CN THE =LAYCL_T:,: C_. IT IS _,._e4:TIMES'"r..

NECESS_RYt ECI_EVER_, TC CGhSt-CER THE SCA_NJI_G C;HCEEt ESP_CIA_.LY _I[H

REG_RC TO PR_GRA_ L]I_[T_1[ChS _EICH _RE CESCRIHEC L_;'_I_E_ ,,FC;_L_._,.

CESCEIFTICh _F T_E FC_RIER PHCGRa_

=FCF_N=t AN_ =PATPAT=o I 8_[CF _ESCRIPTICN _F THE FUNCT|_N _F EACH SU_-

-F_UHR=. TEE WAIN _RCG_N _S FA_ AS THE X-rAY P_GRAN SYSTEi_ IS

CC_CER_E0 (C_ THE FCRT_ _C_|TCR _XT_ _CN-SY_T_ OSAGe), IT _EACS T_E

CC_TRCL CARCS AN0 ST_RES TPE|fl PARamETERS FCR THE _E_T CF THE P_ORA_.
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THE FOURIER CCNTROLLER (=F_URR=) PROGRA_ ALSC READS THE LEA_ING SE¥_;

RECGR_S _F THE EINANY REFLECTION TAPE AND LOAOS FERTINFNT DATA (F(CCC)t

Vt ETC.) STORED THEREO_. IT C_ECKS FOR C_NS|ST_CY GF _ONE CF THL VARI-

ABLES A_(] ASSIGNNENTS FROM INST_CT[(]_ CAR(]S TO _CUCE THE POSSIBILITY

OF CHANCE ERRORS. ONCE THESE FUNCTIONS ARE TAKEN CAHE _F THE =FOUR_=

-FRCGgAN C_ALLS-=F_FUN- _FICH RETURNS CONTROL TO =F_R_= _HEN tH_ F__I_

iS CCNPLETEC. THE CONIRGLLER _[LL PERNIT N_RE FC_JRIE_S Te 8E CALCU_ATEC

FRE_ THE SANE _R OTFER E|_AHY TAPE5 OR ELSE RETERr_ CONTROL TC FGRfRAN-

NE_!TER THR_J,JGH THE X-R_ S_STE_ _C_LLER= FEatURE.

=FCF_N=. THE SUERO_T|NE _ICH C_LCULATES COEFFICIENTS F_R =FESU_=.

V_E_ ENTEREC TNE FIHST _|NE =FCF_N= SETS THE =C_LC_LATIC_ TYPe= S_ITCHE_

_t_C THEN _LCUL_TE$ THE P_FEk V_LbE FOR F(t_GI A_C T_E @LECT_-C_Y --

SCALE F__CJ_C_E., .I.T PEEN|T$ T_E _SE _F J S_OE_._TI_E =PATPAT= (Ie_- __

FO_RIEfl USE_-S P_TC_) _IC_ eLLC_S ANY KIND OF COEFFICIENT _a_tFUL_TtCN
7

Z

©

C_E M_¥ CE$IRE Tg HR[TE d FGRTR_N SUBROUTINE TO UG. =F_FUN- AS IT

(I-/-USERS......................... ".........:|ON. BY ICE_NS (_F _tJER_'_TINE =P_TFA-T_=. -(-PRE_'NT-Fi3R_ ..............
I=UNCTDF"PJTP_T- PR_GR_NNE(] (_NLY FOR Ct]NVENTIt3NAL VEC[_;_

I_AP |PATTE_SCt_) AS CF 20 AUG. 1_62).

(2) PATTERSON. A = (FC==2) AS COEFFICIENT.

()) VECTOR _AP. SHARPE_EC_ ORIGIN REMCVEO p_TTEHS_.

(4) FC FEURiER= S_ESTI|UTE FCI2 FOR LESS-T_ANS AN_ THE,_ TEST _LL
REFLECTIEN- IF (FC • RR - 6E_FIFE)) LES_ IH_;l ZERO•
THEN REFLECTION IS _SE_, klAENE (RR) IS _ REJECII_N
_ATIC SUFPL[ED [_ THE =FE_R= CARD. IF _ (RRi IS
_GT SUPP_IE_ ,_a|=lS _R_IT,=_ILY SET EQUAL TO ZErE
SO T_,T ,LL _EFLECTIONS ,RE USED. SuOSTzTuTE _c-ef_.
FO FOR E_TI_CT REFLECTIONS IIF ANY).

(5) FC FOURIER. EACI_ Fi., IS C6RRECTEO F(3R I]ISPEt_SII]n _6iI_ n_;:,
CRITERIA (IF TYPE 4 USE(]. (FI3 a RAt I{_ • RI_ - AB_F(FL))

3. ES $-- ll_h ZERO.

(6) FG FOURIER. P_ASE _NGLE5 _ETERMINEC FRC_ E2, THE t'HA_E uF IHE
=_cu _n_T_RY STRUCTURE _'_" ...... CNLY " .... n_F_L_-
TIChS _F =KhCWN= PHASE (JOE.- _2 bQUAL TC _R LESS-
THA_ C_E CYCLE) CRITERIA GF IYPE 4 ARE U_EC_ RE-
JECTING _LL LES_-THANS.

I7) FC SYNTHESIS.c_F TLSbSI_EALL REFLECTICNS W|T_ MAGfilTUEES ANI_ Pt-iASLSC_LCI_LATEC STRUCTIJRE FACTCRS AS AMP,.ITL_{_ES.

_e .........
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181 DELTA-F° TEST CESE_VEC REFLECTICHS- IF (FL_ • RR e ABSF(FC))
LESS THah ZERO REFLECTICN IS USED_ WHERE tRY) IS A
REJECTICr_ R_II_ SUPPLIEC IN THE -F_URR= CA_O,-IF_ ....

_RR_ |S I_C, SUPPLIED ,RR, IS ,RBITRkRIL¥ SET {'QL_ALERC 1HL_S NAK]Nu _ ZERC-PERCEHT RULE° TEST LESS- _ .t_i i=

IS I_$ECo REJECTS ALL EXTINCT REFLECTIC_N._ (IF A/_Y),
{E.G,- _H = 0.5[_ IS 50-P=rC_t rULE, A_-__.-0_ .............
I$ IC(_-PERCENT RLJLE),

.... {_ CEiLT_-_F,-_R CESER_EC REFLECT|C]NS_ EACH CELTA-F [S MULT|_LT.E_ "
BY TEE L ST S_]UARES HEIGHT- (W t (FC] - ABSF(FC)I)°

REFLEI_TICNC |S IjSEo[F, (FO - AESFIFC|I LESS rH_.._ ZI_F.Ct • . .REJECT _LL EXTINCT HEFLECTICNS
(IF aSNY),

e zs I_s_c- FOR Oe:_ERVEI3 (F_ • R_TIC] • R_ -

JBSFKFCII ._ESS THAN ZERC]_ REFLECTIC_N IS L_SEC, FCRI_NOBSERVI_C (FC = RATIC - AESF|FC)) LES_ THaN ZERCt
REFLECTICN t_SEC. REJECT ALL ExTII_CT REFLECTIONS
( IF aNV),

XTI_ EFLECT[CNS (I_ _t4Y).

(12) RECTA-F, VARIaBlE I_EIGHTIfiG APPLIEC- WI_ERE __=..(AB_I'_(FC|_FC_)-_
...... TQ ALOES R_ REF ECTI S _M_ -tH NS W_E"R ;....

(IF AINY |, ...... .

• ST_WTISTICS, RE•j•EC_ ALL REFLECTIC]NS WITH___
PHASEt REJECT WHEN THE MAGNITUDE OF (E) iS LESS THAh
(RR), HEJECI ALL LESS-THAN HEFLECTICJNS.

(16| E M_P. PHASES FR{_M A STRUCTURE FACT{JR C/_LCULATICN. REJECT i_HEh
, CF (E| IS LESS TITAN (RR), REJECT ALL

THE I_aGNIT_JC_LEC TLESG-T_aI_ RE ICNS

CNCE THE CALCULATIQ_ SwIICME5 ARE SET =FCFUN= _EADS, REFLECTIC_ _Y

REFLECTI_H, THE UNI_UE _ET 5UPPLIE_ CN THE BI_ARY REFLECTI_h TAPE, IT

WELL REJECT ANY REFLECTICN HAVI_G A (SI_ THETA)IL_MBDA CR H OR K L;R L

GREATER THaN SPECIFIED CN T_E =NAXHKL= CARD OR T_E VALUE sTCR[D O_ THE

TaPE A1 Q_IA REQ_CTION TIME IF _G =MAXHKL= CAR_ _SEO. A PH_VIS|Qh HAS

BEEN MACE TC PERMIT MULTIPLE TAPES- LOb DENSITY TAPE WILL HOLD APPRCxI

MATELY I3,_CC REFLECTICh$ PE_ _EEL, CN THE Fi_ST PaSS CCW_ TH_ ei_Y

TaPE THE BCC LIST OF FC WAY BE MACE BY =FOFUN= IF IHE USER 30 _ESIEES°

=FCF_N= LLSTS ALL THE REFLECTIC_S eh THE TAPE, _C I# FLAGS TtlOSE

REFLECTICN$ REJECTEC WITH =R=, THE CCRRECT COEFFICIENTS ARE FORMED F_R
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THE CUERENT REFLECTIeN AEC =FGSUM= IS CALLEC IN TC CALCULATE FIRST SU_S.

FGR A GENERAL REFLECTICh - kIT_ ePTIMUM SGRTING - IHE CALLING-_F =F_$UM=

IS IAEULATEE IN TABLE I.qG-III (hE SeRTING IS RE{_IREQ EXCEPT I-C_ GJ_IN .....

NAXlN_ CGMF_TING SPEE_I, CNCE ALL THE REFLECTIGNS GN THE _I_A_Y TAPE

HAVE BEEN THEATEOt =FGF_E= CALLS =FESUN- T_ CALCULATE THE SECGN_ _NC

TFFII_O SU_S.

=F_SUN-. THE F_URIER CALCULATIGN SUBR_UTIN_ _ICM _ES IH[ ACIUAL

FGURIER SUMNATICN. IT CCMTAINS PR_ISICN FOR BREAKING THE 5UMMATI(]_C__P .....

lhT_ AN OPTIMUM hUMBER CF P_SSES IF THE WHGLE CALCULATION CANNOT _E

ACCCNPLISHEO IN A SINGLE PA_S CF THE REFLECTION TAPE, AT PRESENT THE

FCLL_WING LIMITATIONS APPLY-

(A| THE PRC]I_UCT C_F IHE (MAXIMUM VALUES "_ I) UF THE SEC_h_ AN{_ THIR[3

S_i_IW_II_N II_TCE_-_ h-G_]-EXCEEE 9(]GO (E.G.- HI2IMAX E(_UAL_ 9') A_O

o
 ct ts SECON©SUMe  eCtlCN   XNet ExCF a©e e   L _tE IT At
NUMBER (_F FEINTS DI_ES Eel NECESSARILY t_R USUALLY EGUAL IHE 5ECC_ND SUN

_• GRIC SPEC|FICATIGN) (E.G,- AM Hi3)MAX EQUAL IG 4_ LIMITS POINTS SUCH

....... THefT XI2I Ci_ BE (f_ - I141 IN 15gTHS, (_ - I12) IN 7_THS_ ETTC.).

(el THE FINEST GRI_ WHICH _AV BE CALCULATE_ I_ I_E FIRSI _uM CIREC-

TIQN IS 112627_ IN THE SEC_N_ SUM 1/4G0, Ah_ I/2_O IN THE THIR_ $_M

_IMECIIG_,

ii*

C_) THE ABGVE RESTRICTIONS MAY BE RESCIN_EO CNLY BY RfiASSIGNMENT OF

STCRAGE,.AN_ RECC_PILATIG_ -- SEE PHCGRAM STATEMENTS ANS CCNME_TS F{]H

DETA|LS _ (A PReGRAN LI$iING TAPE MAY BE eOTAINE£ IHROUGH J. M. ST_WART.)

BECAUSE GF THE PARTICULAN METHG_ _F SUMMATION A VERY LARGE _UMBcR OF

REFLECTIC_S CAN BE ACC_MCC_TEC ANC THERE IS NC RESIRICfICI_ PLACED C_

T_E Ft_$T S_NATION IN_E_.

..... _-IIN-IE-fl_EI]IATE TAPE_ Are w_ITIE_. THE MAIN PAWT OF THE _EM_RY _LU_
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SECCNC SUM COEFFICIENTS FCR AS _ANY LEVELS AS PCS_IOLE -- IF ALL LEVELS

CAENCT BE PROCESSED IN C_E PASS =FOS_M- DIgI_[S TEEM INTO TWO _QUAL

PASSES ANN SO ON. CURING T_E SECCNC SUM ONLY TME IHIRC SUM COEFF|CIE_I_

FCR CNE LAYER ARE STOREC AT ANY GIVEN TIME AND _LY ONE LINE (iF ELECTR_h

CENSITIES IS CARR|EC IN SlCflAGE. AS SCON AS IHE LINES ARE FCRMEC ThEY

A_E WRIITEN CN THE BCO C_TI_X T_PE. IT IS POSSIBLE TO SUPRESS PRINII_G

VAL_ES BETWEEN SELECTEE PQSITI_E _NC NEGATIVE C_T-_FF P_INTS BY THE _SE .--

OF A -_AP- CARO°

THE FOUR.IER SUMMATIC_ PRCGR_E CPERATES BY =FC_RH" REACINb TH[ COhTRCL

CARCS AE_ CALLING -FOF_=. -F_FU_= PERFORMS AN_ NECESSARY [NITIALIZA-

TICNS -- INITIALIZES -FCS_M= -- AMD CALCULATES THE FIRST SUM _Y CALLING

-FCSU_ = TU CO-TEE _CTU_L SU_IIOf_ Tfl_ ENC _F IME UATA IS StGNIFIE_ -

WHEN =FGFUM= READS THE ENO-_F_R_ELECTICNS REC._RC (lOlOICOCOCO0| ON THE

EIhARY |NP_T REFLECTION TAPE, -FOF_N- THEN RET_R_S CONIROL T_ :F_SU_:

CONTROL T_ =FOFUN= WHI¢_ RETURNS CeNTR_L T_E__L!EI.___R, THE

CCNTRCLLER SEES IF _ORE BAS_ES ARE REQUIREO AND IF N_I RETUrnS C_NIR_L

TO "CALLE_=,

L II'EI_ATL_RE ClTEO

(I| LiF$CN_H, ANC CCCHRAN.,W_ -THE CRYSTALLINE SIAIE-, VCL_ME 3, -TM_

CET_fl_INATICN CF CWVST_L STRUCT_RE$-_ LCN_CN, BELL*S_NS (ig53).

(2) B_ERGE_H.J._ =CRYSTAL STR_CT_R_ ANALYS|S-_ _W YORK_ WIL_Y (Ig60).

(3) WASERtJ., ACTA CRYSI, (I_55)_ VCL 8t 595,

(_) LIPSCN_E. AN_ T_YLC_C.A., =F_URIER T_AflSFO_MS ANO X-RA_ DIFFKAC-

TICN:_ LONCON_ G.BELL_SCNS_ (1158).
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IEE F_L_t[M REFt_E_Ehl PHCGNAM _AS WRITTEN B_ J_ES _. H_L(_EN.

THE PR_GAAM CALCULATES S1R_CTURE FACTORS FOR A SET _F ATOMIC P_RAM-

ETE_S (MAXI_U_ = IOC ATC_S PER CELLI rESTRICTED TC _VERALL iSCT_PiC

TE_PERATUHE FACTORS). T_E FRCGRA_ THEN CALCULATES A 27-P_I_T FC_RIE_

TI_MSle ABC_T EACH ATCMIC PCSITI_N. THE GRID I_TERVAL IS SPECIFIED _N

THE -CVCL_.S- CARCt IN HI, iCE TEE N_MSER CF REFINEmEnT CYCLES ARE ALS_

SPECIFIED.

TE_ PEAK MAXIMUM WITEIh THE aT-VCI_T BL_CK IS FCUN_, AND THE ATOMIC

CCCRDINATES ARE SHIFTED IG IHE POSIT!CN _F THE EAxI_, IF THE PEA_

_AXI_X LIES _T$|_E-CFTHE _7-P_IN_!COLCCK, THE AT_|C CCCRU|NATES A_E

THE SH|FT$ EECe_E $_LeR, FeR E,CH _Te_t THE PR_Rk_ HiLL WEOUCE THE

SIZE CF THE GRID INTERVAL.

FRCVISIC_ IS MACE FCB TE_MI_ATIDM QF REFINEMENT BASE_ 0_-

(1) A SPECIFIEO HUMBER CF CYCLES,

(2) A MAXIMUM VALUE FCR _I_CREPENCY INDEX, R, 15 EXCEECE[_.

(]) LESS THA_ A SRECIFIE_ _IfiIMUN I_PRCVEC CHA_G_ I_ R,

SINCE TEE PRGGRAM IS INTENDED F_H USE ONLY lh TH_ EAHLY _TAG_S UF

REFInEmENt, ATCM PARAMETERS C_h BE READ FROM THE REFLECTION TAPE, O_

CARDS e _R .BCIH. THERE |_ _ ATTEMPT TC R_FINE IE_PEHAT_RE AN_/CR

SCALE P_RAMETERS.

CNLY THE RESULTS CF IEE LAST CYCL_ ARE WRITTEN ON T_e BIhAi_Y _UTPUT

TAPE, IF THE REFINEMENt IS TERMINATED BEFGRE T_E SPECIFIED NUMBE_ EF

CYCLES_ T_E NEW REFLECIIC_ IAPE IS WRIITEN_ IF PESSIBLEt AT THE IIM__ CF

PRCGRAM TER_INiTICN,

_e ......

$
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_ELL PATT_SC_ _RCGRA_

TEE SflELL PATTERSON FE_GBA_ _AS wRITTEN E¥ JAEES R. E_LO_.

THE PROGRAM gAS CES|G_E_ T_ CALCULATE PAIT_RS_Nt SHA_PENEO

PATIERS_Mt CR SHARPENEE CR!,:_!_-BEMOVEO PATTEHSOh FIJNCTI_NS AS MEwCA!Cg

PROJECTION S_ELLS _F SFECIFIEC RADII, TIlE N_MBER CF DEGREES OF E_U_-

TORIAL ANGLE (L_NGITUOE) _Z EE SPEC[FIEO_ ANO IFE LATII_E IS ALwAY_

FROM TEE E_AT_R TO THE POLE. THE CRIENTATIGN CF IHE MERCAICR PRi;JEC-

TleN _EPENCS _N THE F_NIER SbN_ATI_N _ROER SPECIFIED _h THE =SML_AI=

CALLING CARC. THE _RIE_IATIQN [S OESCRIBEO C_ lee OUTPUT. THE G;_.I_

ZNTER¥_E _!E QEGEEES! E_ EE SPEC!F !E_, _B_I-_(_IWGtI_@EJ_wG-I._vTIT_-E_ ....

OEGREES _RE E_L,

IT IS |MP_RT_NT 'I_F_CI_I_FE SU_EESTICNS-I_R_N_ S_MMATI_N _RC_R

GIVEN IN TEE =SELPAI= C_R_ F_RM_T SINCE THIS _ILL C_NS|CERABLY REDUCE

COnFUTaTION TIME.

I II I II II I I Ii
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BOhC LEhGT_$ ANC ANGLES PHCGHAN

T_E 8CNC LENgThS aNC A_GLE_ PRGGR_Me =BC_QLA=, 15 _E$1G_EO TG C_H_Y ---

_T SEVERAL F_NCTIC_S RELATE0 TC _C_U LENGTHS a_ ANGLES ANC IHE _E_ERA-

TIGN _F =HYCRGGEN= CO_RCINA1E$ (W_ENE -_YQRUGEN= IS TAKEN TG HEAN T_E

CALCULATE_POSITIGN OF J_ AUG_ AT A SPECIFIED D|STANCE FAON A SEC_NE

ATCN).

(1) CALCULATE ALL =$|GNIF[CANT= 0ISTANCES _lIHlfi THE SET GF _TCM5

$_PPL|EO_ kHEEE TEE =SIGhIFICaNT= _ISTA_CE IS SPEC|FIE_ _N T_E

• OCNCLa= CALLIfiG CARC.

(2) CALCULATE ANGLES EETkEE_ AT_NS IN THE SEI _EICH _RE WITHIN T_E

SPECIFIE_ =$1_IFICA_T_ CISTANCE FROM EAC_ GTHER.

I_) CALCULATE INTER_T_MIC CIST_CES FOR SPECIFTE_ AT_S iN THE SET.

b. (4_¢IJL,4TE ANGLES EETk||N T_E LINES t_EFINE(1 BY TWC PAIRS dF

$PECIFIEO _TGNS.

(§) GENERATE SYMMETRICALLY _EL_TEC SETS FM_ SYmmETRY _Pc_ATIO_

S_PPLIE_, AN_ CALCULATE 8ET_EEN STIP_LATEC LIMITS IH_ _ISTANCE_

FRCN THE GRIGINAL _ET GF ATG_S TG THE GENEHATE_ SET GF 6[_5.

(6) GENEEATE CGGR_I_TES FCR LINEAR, TRIGGNAL, TETRA_E_'r_L, _NCI

TERMINAL TETR_ECR_L =_Y_R_GEN= AT_NS,

NCTE I " IF _FPRGPRIATE STAhQ_RC _EVI_TIONS _F CELL _INENSIUNS _NC

_CR_I_AYE$ ARE $_FPLIEC, E_N_ LENGTH _ ANGLE STA_DA_ _EV|_-

TICNS WILL BE CALC_LATEO FGR FUNCTIGN$ I TH_GU_H 5.

NCTE 2 - IF NC ATOM TYPES A_E 5PECIFIE0 Ih F_CTI_N 6, THE GENERATE_

ATOMS WILL BE L_BELE_ =H= _N_ SERI_LIZE_ IN OR_ER _F GENERATI_h



=ORFF[= E_Si_C-_ARTIN-LEV¥

F_hC||CN tNC _RRCR P_CGRAM
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THE FCRTRA_ CGCING CF 1HE FUhCTIGN AND [_RC_ FRGGRA_ BY _._.gUSL_G

KsC,_ARTI_ ANQ HsAoLEV¥ (CRhL°T_-3G6t CAK RIDGE hATIGNAL LAb_ATUkY)

HAS BEEN _CC|FIED TC CChFCR_ _|1H THE =X-RAY b_= SYSIEM OY J,R.H_LDEh.

REFERENCE TC THE GAK R|GGE _EPCRT _[LL _E F_O TG BE HELPFUL.

THE S¥STEN VERSIG_ CF IHIS P_CCRAH RETAINS ALL _F I_E _ARTS COhC_
...._

_IT_ THE CALCULAT|Ch _F FUNCT|_NS AN_ THEIR ERRORS. NCNE CF FH[ DATA

VERS|C_ fl_ES NCT ALL_ T_E _TC_ P_-A_ETER ERRBR _ATRI× TC 8_ _EAD F_O_

CARDS. THIS [NFCR_ATI_ CAb ChLY 8E _OTtl_fl F_C_ THE BINARY _FL_CTIC_

TAPE PRCDUCED BY THE SY$1E_ VERS[CN _F =ORFL5=, ALL _THER FUNCTIONS

CF THE CR|GINAL _AK RIDGE FHCG_A_ H_VE _EE_ RI_TA|_E_.

L

_5

_5

II I I
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GENERAL CESCR|PTI_

GIVEN THE UNIT CELL PAEAMETEHS GF A CRYSTAL TCGETHER _ITH THE ATGMIC C_-

ORCINATES AfiC/CR THE ANI$CTHCPlC TENPERkT_RE FACTOR COEFF[C|ENTSe TEIS PROGR_

kILL CC_P_TE VaR|CU$ FU_CTIC_S _F THESE PARAMETEM$ _Hf-J_ AS-.-THt_OI_ BE.- -

T_EEN TEd ATO_St AN ANGLE CEFI_EO BY THREE ATC_S_ THE PRINCIPAL AXE_ OF THE

_|SIHCPIC TEMPERATURE FACTCR, ETC. FURTHERMUHEt IF THE ERRG_5 OF THE INPUT

PARAMETERS ARE AVAILABLE TC THE PRCGRAM IN THE F_ OF J VA_I_NCE-CCV_RIJ_NCE-

_ATEI_ _BT_INEC FEC_ TEE I_VE_SE _ATHIX GF A LEAST SG_ArES _EFl_E_EhT, .....

THEft TEE PROGRAM kILL AL$C CCNF_TE THE STANCARC EHHC_S _F THE VAriOUS

FU_CTIChS _I T_ _ _It_T T_E CO_T_!_UTIr_ _ TWF CFll pA_&MVTF_ F_HC_S.

THIS PROGRAM MAY BE USEC INCEPEfiCE_TLYI REACING ALL INPUT C_TA FECM C_rCS;

CR IT _JY 8E USEC Ih CC_d_CTICN _ITH THE LEAST $_ARES _EFINENENT P_CGHA_, _

C_FLS_ IN H_ICE CASE M_CE _F TEE I_PUT IS TAKEN FRCE T_E HI_RY C_TPUT

T_PE _F A CYCLE CF LEAST S_LAflESo

TEE F_CTICNS. _ITHC_T ST_fi_R_ ERRCRSt CAN _E CALC_L_TEC FRC;N

T eFu cTIc s cc Putes Are Ce

F " F (PJo P2. P_ .°° A|t A2 oooA6)

_HERE THE P'S ARE T_E _TC_IC PeRA_ETERS A_ THE A'S ArE THE UNIT CELL P_RA-

NETEflS. EACH KINO CF F IS CC_PUT_C_Y a SPECIAL SUB_CUTI_E FCR THIS PUNPOSE

TEE $T_NCAR[_ EEl_R OF F IS GIVEN BY

_HERE

ANC

E " IEee'Z+E'''=21''II2

E'..2 = SIG_AII=I,hISIG_(J"I,_)II2-S(IJi)(_FI_P(II)(DF/DP(J)) VIIJ)

E**..2 - SIGMAII-I_ISIG_(J-[_6)(2-S(IJ)IIOFtOAIiI)(OFI_A(JI) u(iJ)

HEre V(lJ) IS AN ELEMENT _F THE VARIANCE-C_A_I_CE NAT_IX ,HICH C£SCr|_ES TH

EHRCRS CF TEE ATC_IC P_R_E1ERSe _NC U(IJ) IS A_ LLEM_NT _F A SI_LA_ _T_lX

F_R THE _|T CELL P_RANE1E_.

kHEN ERRCRS ARE T_ EE CC_FUTEC. THE USER H_$ THE _pTi_h _F _T_I_I_G V

FRCN THE BINARY CUTPUT T_PE _F CRFLS° IN THIS CASE THE PR_b_A_ ST_RES

VIIJI = ISIGNA(HIC_S-C_LCi.-2tIN-NI) EllJ)

_HERE E(Id) IS AN ELEMEN1 _F T_E l_VE_SE _AT_lX CF TH_ hCr_AL E_U^Tl_n_, A_C

THE CCh$TA_T IN BRACKET$ IS T_E SU_ _F THE _EI_FTE_ _ESI_ALS SG_E_ CiVICEO

BY T_E HUMBER _F _EGREE5 CF FREECC_.



• ...... ,

• TI_E U_IT CELL i_RRGRS MaY BE PUT II_ ll_ TW_ WAYS. IF t_C CIJVAHXA_CES ARE---

THE PRCGRAIW THEN SETS

UIIII = SlJ(ill*m2

• b(ld) • O, I I_CT EC_JAL TC d

ALTERNATIVELY TttE 21 It_CEPEhCEhT _ALtJES OF IJ(IJ) CAtW _E REAC F:RC_ CAR_S,

• TEE I_ECESSARY CERIVaTI_ES ARE CCMPIdTEC I'_LJ_ERICALLY EY ACDING Ah IhCREHE/

OP(I) TC P(l) ANC RE-EI_TERIhG Tt_E SUBROIJTL_wE FCH F, TI_E CEFclVaTIVE tS (HEN

• CF/OP(I) " IF(P(I)eP(2It..P(I)_OP(I)t..)-F(P(I)eP(2),..P(I)..))/;3P(I)

THE tNCREt4ENT USE{] IS CPII) = (O.(]liVlilie-l#2. fEE _Et_IVAtIVE5 iciTW ......

• RESPECT TI_ Tt,,IE CELL PARA/_ETERS ARE CBTAINEC SIMILARLY.

THE PRC_GRAN IS ARRAINGE£ SC TEAT IT CC]NPL/TES CERIVATIVE5 CNLY WllH RESPE(

TC THE PARAI_ETERS ACTLIALLY tNVC_LVEC IN F. THE II_FCJRMATICP, _ AS TC WHICH [HESE

EACH TYPE CF FUI_CTICN, CERIV_TIVE C(]I_PIQTATIC_$ ARE ALSG CMITTEr_ with NESPEC

TO FIXEC PARAMETERS WHICF /thE _OT REPRESENTE_ ][_ THE Ve_|A_CE-CCVARIMWCE _,,_ti_

(E,G,_ THE CCCRCINATES GF AICI_S It i S_ECI.IL PC]SITIC_S),70

''O
r_

d _J

!i • ....

7

..... i

STRAIMTS ON THE PARAMETERS EUST BE SET AFTER INCREMENTING. {SEE THE SECTION

ENTITLEO _ICONSTRAINTS CN T_E PARANETERS'',) 1_ OTHER WCR_S, THE Fb_CTI_N F

ALWAYS COf_fP_TEO C|RECTL_PRI_M ll_ F_NCAMENTAL P_ET_RS_ T_E ERRL*R_ _F WHIC_

ARE OESCRIBEO BY TNE _ATRICES, V AhC _.

THE _IPUT OF THE PRCG_ INCL_CES A CESCRIPTI_N _F IHE FU_CI'IC_, IHC

VALUEr F_ CF IHE FU_CTIC_, IME STA_CARC ERRC_ _, _F IHE F_hC[I[;_, A_C _'_ THi

STANCARC ERROR NOT tNCL_CIN_ TEE EFFECT OF _NIT CELL ERRORSo I

CONSTRAINTS _N TH_ PARANETER_

IN _RCER TC INSURE 1_al THIS P.RQGRAM CCRRECILYC_MPUTE$ THE _RR_RS OF _i

VARIC_S FUNCTIONS IT IS hECESSARY FCR THE _SER TC CCNSICER wHETHER THE _YMNET_

OF THE CRYSTAL INTRCOUCES C_NSTRAINT S EITHER _N THE CELL PARA_ETE_St At OR _Ni

THE ATC_|C PARAMETERS, F. A SIMPLECASE _CC_R3 WE_:_ THE SYMMETRY _C_CES A

PARamETER TC HAVE A FI_EC V_L_Et ANC THIS SITUATIO_ iS CORRLCILY HA_CL.[_ _Y
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SPECIFYING THAT THE ER@eR OF THIS PARAMETER IS ZE_e. IN THe CASE OF ATSMIC

PARANEIERS FRCM A LEAST S_UARES REFINEMENT tHIS IS P_flLY A_T_MATL_--S|NCC_---

THE CEPENCE_T PARAMETERS _OLLC NCT HAVE BEEN VA_|EC.

ERH_R INCICAT_RS

CURING THE CHURSE CF CALC_LATICN THE PH_6R_M _AKE_ MANY IESTS F_ _R_RS

WHICH _AY |_O1CATE THAT T_E P_LE_ IS NOT SET _P CC_RECTLY. IF IHE _RHOR IS

ONE WHICH WCULO PRflBAEL¥ C_CSE _LL ANSWERS T_ BE I_C_RflEC1 THE P_G_AN w_IT_'_

Ah _PPR_P_I_TE REMARK A_ TE_SFERS TO THE teE_IT R_TI_E''. IFt _h TH_ G_H_

HANCe THE ERROR IS LIKEL_ T_ CAUSE TROUBLE IN CfiLY CNE ANSWER THEN THt! P_OGRAI

WHERE NG _$ AN [NTEGER, 1HE MEANING OF WHICH IS TAELUATE_ BELUW. THE PHOGRAH

THE_ PACCE_S WITH THE _EXT FUNCTIGN TO BE CG_PLT_O.

ER_C_ RETCHES

- |- AT_,EETA

2 PRE

3 FU_

BETA

5 ATOM,BETa

STOeE

T EIGVAL

B EIGVEC

I_ FtjNX|

II SUB 12, I_, IE

_E_hihG

THE SYMMETRY PO_ITIO_ SP_IFIEO-_GAT-[_
_R GREATER lEAN THE _MO_R _F SY_METWY
CAR_S,

PR R_ T E HAS EEN SU_PCleO FO._ THE

hG FUN R_TI_E HAS BEEN _UPPLICB FCR THE
FUNCTIeN SPECIFIED,

TEMPERATURE FACTCRS A_ NQT IN A_ISCTR_PIC
F_N, I,E, |C(g) IS LESS THA_

IHE PROGRAM 1_ LQQKIhG FOR A PARAMETER BE-
_EFORE THE SlAnT _R _EY6h_ THE E_C _F THE
LIST,

THE CELL P_R_ETE_ A(I)_ A|2)_ _R A(_| IS
LESS THAh dR _AL T_ ZERO.

THE EIGENVAL_ AR_ IMAGINARY.

CNLY NULL EIGENVECTGRS A_E F_UNO,

_NE OF THE VECIQRS IS _ULL.

THE VECTCR IS _LL.

NON-ExXSTA_I FUNCTION _AS _EEN SPECI-
FIEO I,E. XM_Cr(IN([I,LOOI I_
GREA}ER THAN 20.

@
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LEAST-S_UAHES L|_E _ANO PLANE PROGRAM

'0

u
70

THE LEAST-S_UARES LIhE A_C PLAhE PRCGRAMt =LS_PL-t IS A PROGRA_ T_

CALCULATE ]-_IHENSICNAL LINES CR PLANES WITHOUT H_GA_U TC THE FIGURES

DISTANCE TC THE CRIG|N, THIS PRGGR_ WAS WRITTEh BY ROGER _, CHASTAIN.

TEE _ETMCC CF CALCULAT|CE IS T_AT CF SCECMAKE_t ET ALl _IIH THE

EXCEPTICN CF TEE METHOD F_R _BIAINING THE Rccrs CF THE C_BIC E_ATI_

IM TEE LAGRANGIAN M_LTIPLIEHS, SCECMAKERt ET AL, _SED AN ITERATIVE

TECFNI_IJE-_ W_RE_$ TH;_ _R_GR_ S_L_ES FOR THE RQCIS OIBECTLY BY IM[

GEhER_L SGL_TICN E_ATI_hS, ....

THE CPERdTTCI_ CF TIlE FRCGFt.a_ CAt_ BE i_ESCRIBEI_ AS FULLC_WS- FIRST 1:11E....

THE LIflE t_l_ PLANE IS CJI_¢ULATEC, _|S Pf_$$IgLE I(_ CALCULAIE THE

E_IQJTICN _F A PLANE OR L|hE W_TH _ CENTER CF SYIWI_THy AT rHF: C_RIGIN BY

SI_PFLYIfWG TI_E _TCMS IN ChE _SYMMETRIC UNIT (_NLY _HO CODING IHE PRCiGRAF

TC GENERATE E_UIVALENT _I(_MS BEFCRE PURSUING THE CAL.C_LATIC_ (THIS C(_OE

IS IN TliE C_LLIfiG C_RCI,

THE CALC_L_TICN CF T_E LEASI-S_U_RES PLANE OR LINE IS (;V_R THE (NL)

ATC_S (SPECIFIE_ IN THE CALLING C_RCI ON THE FIRST (NI) -AIde= CAR_ IN

T_E DATA PLUS T_E GENEraTED CEhTRCSYMMETRIC ATOMS IF SO CCOED. IF M_HE

TE_h IN|) =AT_= CAROS aRE _PPLIECt THE EXCESS kILL BE IGN_RE_ I_ TH_

CALC_L_YI_E CF THE EQU_TIC_I B_T WILL BE CONSIDERED IN IH_ CALCULATICMS

CF T_E C"T_NC''_=c_ OF A|_e FRCE TEE Li_E CR PLA_E.
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FREQUENTLY CI_E IS ]I_TERESTEC I_ AI_GLES 8ET_EE_ PLANES ANiJ LINE_,,

:: "LS_PL" CAN BE CI_CEC SC |I_A1, IF A SERIES _F =LS_PL = CALCULAT[i_NS ARE

_:.• SUBI_ITTEO ChE RIGHT AFTER _t_[JTEERe THE ANGLES BETI_EE_ ALL PAI_S _F LINES

:i - ANO PLAflE_ kite BE_CIaLTerTE_-L_ _ PL-ANE_-""_,u_,-L.,..... _;_,,'_-7-ERC

• Ih THE CALLING SE(;UEhlCE. 1rFE CRCER CF "LSC_FL = CALCLJLAII(_[,,i5 _E NCT

I_PCRTANT AS LCNG AS TEE =LS_PL= PRCGRAH IS _T H_VE_ FRCM COHE U_TIL

ALL ThE LI_ES A_O PLANE5 ha_E BEEN CALCULATE_ FC_ ThE [hTER-LINFA_ _0

INTER-FL_N_R _NG-LES-CE$|flEC, (|.E. ha CTHER LINK iS CALLEO eET_EE_ PLANE ---

C_LC_L_TI_hS.)

LL

c.;
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PIICGR/il_ FCR CELT_-F VS FO PLC_T
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THE PRGGRAN -OELSIG= REA_S TEE X-RAY SYSTEM HEFLECTICN TAPLv AND _iiVEb ---

VALbES OF CELTA-F AS A FU_CIIC_ CF FO. THE P_OG_M _AS _RITTEN BY

_GER V. ChASTAIN.

lEE CUTF_T FRCN =OELSIG= hAS BEEt_ FO_N_ TG BE bSEF_L FOR STUCYLNG

N_e_-_VSTEMATIC _XTINCTI_ I_ _cL_rtt_c _ A PL_T ri= _c,___ V5 FC

_¥ _LSC _|C IN SELECTIhG _ LEaST-SOUrCES REFINEMEhT _EIGHTING SC_E_Eo

IN CPER_TION_ =CELSIG= REA_S T_E X-RAY SYSTE_ REFLEEIIGN TAPE _NC

SORTS REFL_CTII_N$ lfl THE_G_CE_ CF I,_CRE_SIKG _AG_IT_I_II _ F-OBSEeVEC.

ChCE THE T_ELE CF CROEREC F-_ESERVECS |S ESTABLISHE_m ThE F-OSSERVEC$

A_E F_ATHEA SUB-C|V|OEC EITE_R _S-

(t1 GR_PS _F E_AL h_FEEH$ CF REFLECTI_hS (I.E.- 15 REFLECTIONS

elm Ge©up, es _Nv _T_e, e_Me_ NUM|eM), CA,

(2) GRCUPS OF EQUAL _hGE lh F-UeSERVEC (I.E.- FO_ EACH G_OUP.

(FCIMAX) - FOI)IN)I 1$ A CONSTANT, _ND THE NUN_ER GF REFLEC-

tlCN5 pER G_IOUI_cS_A v_RI_eLE CEpenoent _n t_E olsirIeutiOh _e

_GNITUOES OF F-cesERVE_S.

FOR EACH GROUP TEE _VEMAGE F-Ge_ERVE_ _NC OELTA-F 15 CALCULATE_ _

WHI_TEE G_ THE OUTPUT T_PE. TEE CELTA-F NAY BE Ar_ AKITHNETtC AVERAGE GH

RCCT-_EAN-S_U_RE _VER_Eo

"I_EL$IG. HILL ALSG |I_CLUI_E IN THE CUTPU! k PLG[ OF THE OUTPUT OATA,

CELTa-F VS FCm IF THIS IS C_CEC Ih THE -CEL$IG- CALLING CA_. THL GrAP_

SC_LE-O SO THaT THE NAXI_IJM IOICELTA-F) IS ICG.



CATA RECUCTICI_ PRCGHAt_ ILINK ICCGC)

THE I_tTt_SL CCStLflG FOR T_E CATA RECIQCTICh PRCGI_AM HAS _R|TTEt_ _Y ........

jAMES Iw. STEWART CURING IgS_-60 F_R THE IBM 7(3_ AT THE _HIO STATE UNIV.

MRS. MARY ANN JARSK[ ANC JA_ES _. STEWART Ct_NVERTEC THE IBM 706 P_GL_kAM

TC THE IOlW TOg, ANC FURTFER EXBANCE_ THE CODING. THE BOND AOSCRPTICI_

CORRECT|ON WAS PROGfl-Ai_IIWECAhC CI_ECKEC-0UT 6¥ 8RL'N(J M(JRO$IN. THE FULL .......

PRCC-RA_ WAS FURTHER CHE .CKEEi_UT BY ROGER V. CHASTAIN.
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©
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IHl$ PRCGRAIW IS CESIGIWEC T(_ CRGAPWIZE THE RAW _ATA (_EEOEO IN THC

CETERMINATICN OF A CRYSI_L 5TRbCTURE INTO A COI_ERENT C(]LLECTION _Tt]REO

ON PAGNETIC TAPE SO THAI THE STHUCTLRE FACTOR, Ahl] REFINEMENT PRC_Gt4AMS

WILL CALCULi_ TE AUTOMAT: !CdLLt. T_E PROGRAMS F(]RTI_AN STATEMENTS AWE MAIQE....

COOl, RAN 1_). THE C_tLCijLATICNS PERFCRME_3 ARE LISTEC HERE WITH NO CTF(ER

EXFL N, IIeN. ReFeReNce l_ i_t illeRl_llOla_., TABLES ¢_i AS WeLL AS IHI

PAPER C_-- iHE_ AEIC POLARIZATION FACTCi_ FOR THE PRECE$SI_C_N MTT_.C_

BY WkSER (4| I_AV BE F(]UI_C I_ELPFiJL.

THE PROGRAM REC_tJIRE$ IHE F(_LLOWIMG OATA-

II) CELL CII_NSIONS AI_ F((_(_C).

(2) ATOMIC FCRI_ FACTORS (l_EIJTBCN Clq X-RAY).

(_) ICENTIFICA!!ON OF CELL AS CENTRIC C_R ACENTR|Ct AIiO LATTICE TYPE.

15) OISPERSION CCRRECTICI_S ICPTIE_N_L).
. r --

CAIWERA I_TA ANC PI_YSIC_L _]RIENTATI(]N CF THE CHY_TAL.

SC._LE FACT_-_$ TO B_--APFLIEC T(_ THE INTENSITY CATA (QPTIONAL).

WEIGHTING CATA FOR LEAST-S{UARES (OPTIONAL).

FILTER FACTORS IF I_EECEO F_]R SPECTROMETER CATA (OPTIONAL).

(LOI AESORFTICN COBi_ECTL_NS (EPTI(]NAL).

(ill REFLECTIttN DATA. I_ K_ AhC L. I_ F, (_R F',2.

(6)

IT1

(8)
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THE PRGGRAN PERFCRNS THE FCLLG_ING SEQUENCE EF CPERATI_NS-

(I) INITIALIZATION CF IRE PRGGRA_. ALL CCHSTahTS ARE SET TC VALIC

=BEST- qAL_ES. TaPE ASSIGnmENTS ARE PACE. A [APE LAflELING CAR8 _LAEEL=

ICERTIFIES TEE 8INARY TAPE.

(11) THE CELL CINE_SICfiS AflE REAC ANC CEECKE_ FCk REAS_NAELENESS- _C

ZERC C_ NEGATIVE AXIAL LEfiG1ES CR LENGTHS LESS I_AN I,C A. _C CCSI_ES

E|TH NAGNITUOE GREATER rVAfi I,C ARE PERNITTEO. THE RECIPROGAL CELL

C_

7•L.

;=

0

(Ill) NEITI THE SCATTERING F_CTCR INF_RNATI_N IS REaC IN. THE VALEES

FCR X-R_I_'_RN P_CTCRS _RE BEAC IN F_R _ N_NEER CF VALUES CF STN THET_I

L_NECA _NC _ T_ELE IS SICREE lh NENCRY FgR EACH _TG_-TYFE TC BE U_ECo

T_ERE IS A _AX|_UN CF I_ AT_-TYPES ALLC_EC, THE X-RAY $C_TTER|_G

FACTCRS, _|KE THE NEUTREfi SCaTTERInG F_CTCRSI =RE GIVEN A _ESIGNATI_

.;t •

C1

CN THE BINARY T_PE FGR lEE t, SE (_E THE FCLLOi_iNG Pt_CGR_S. IHESE

OESiGN_TIC]NS NtJST I_CT ENC Ii_ _ _UI_ERIC PUNCI'_, X-RAY FC]RI_ F_CI(Ji, IS _t_y BE

_SEC OIRECTLY FRO_ THE LITEHATL_RE (5). THERE ARE $IRII_GE_T _IC',t.JIRENENTS

UPCN TEE ORCER _NC RJNGE C_F TI, E ENTRIES• BLIT ;_OI_-ECIUAL INTEHV^LS AJ,_E

PERmISSiBLE. TEE ACTUAL VaL_ES GF THE SCATIERLNb FACTORS _T _;_CH V_ct.JE

GF (SIN THET_ItL_NBCA FEE _ GIVEN REFLECTiCN ARE CETL;_NINEC 8'_ A FEUR-

Pt]il_l |I_TERPC]L_T[C]_ UTILIZING _ITKEN-S NETH_O (6). THE CGN_ItIE_--kH_Ct_

NL_S1 BE NET ARE- (SIN IEET#)/L_N_C_ t_UST iNCi_E_S_ _CI(_NICALLYe F(J)

SI_CI_LC CECREASE I_ONOTGNIC_LLY (I_C_EVERe _ 5-PERCEC_T IfqCREASE IN A_'._Y

II_TER_AL iS PERNITTEC IC _LLCt_ FC_R THE CCC_SSIChAL INFLECIICiN FOIJr_D F_JR

SC_E ELECTECN CONFiCiJR_i|C_)_ THERE NUST BE _T LE_t TEN Ei'_T_IE$t _ti_ ....

LESS THAN 4(] ENTRIES. lh CI_CER TO II_TERPOL_TE /_I TI_E I_IG_ vALUEs dF

(Sift TI_ETAItL_NI]C_ EE CER!_|_ IbAT THERE _RE AT LEAST Tk_] T_BLE E;;Tt4[FS

kllTE A VALISE OF (SiN TEET_)/L=_EC= GREATER THAN IHE HIGHEST VALUE II_AT

IS ahT_-tN TEE REFLECT1CN C_Ta. T_E P__ CHECK_ F_._ TH_$_.
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C_NCITICNs ANU RETURNS ERRcfl RE_ARKS EXPLAINING A_Y fi_N-AGrEEflENT WITH

THE PrCGRA_EO CCNOITIC_$. THE VALUE FOR THE C_HEKENT SCATTERING _F .....

NEUTRCfiS IS S_PPLIEC AS A SINGLE _U_BER FOR EACH ATCM TYPE (71.

tint THE NEXT Step IS lee EUILEI_G CF THE SY_PEIRY UPERATI_NS C_ 1_ ....

SPACE GROUP I_TC MATRICES A_C VECTCRS W_ICfl MAV _E _O TQ uE_ERATE ALL

THE ATGM$ [N TEE CELL FflCN CNE _SYNPETRIC SET, 1F4E $TR_CTUfiE FACTUR

A_ F_R|Eg PROGRAMS _FERATE Ch TEE B_SIS _F Pl _R Pl-BAR, THESE

_PERAT_RS-_RE RE_Q [N TEE FCR_ GLVEh [N THE FIRST P_RT fiF V_LUME I -_F................

THE |hTERhATX_NAL TABLES (31, THE PRCGRAN CHECES THE CAR_S F_R P_SS_BLE

ERRCRS IN F_NCHING AN_ 51_RES TEEn _ TABLES iH F_ETHAN _AT_IX CR_ER AS

A 3X4 ARRAY. FOR EXAMFLEt kITE SP_CE GRG_P CMCPo CAR_S AidE P_MCHED F_R

THESE PCS|TI_NS WHICH kILL EE CC_EflTED T_ THE _T_IC_S fil_CW-I_ f_ ....

Q_
0

_NE I_JS'_ rSI'JPPLY Jl SEF_R/tTE C_IRC II_CICAT]NG I_HETHER TEE CELL [5 .....

cEntRI c Cr AcEnTrIC Ant GxvInc; THE LATTICE Tv_E sv_C_L-

:p, II, _, Ii_ C, 1,, cl_ ,F:,

N_T_- =P-TS USED FC_T_-C_E_HEERAL SPACE__-_L_-{_EX_ _ _B_HE_RAL

AN_ -_= |$ _SE_ F_ RHC_E_HE_R_L SPACE GR_PS |_CEXE_ _S HEXAGONAL. l_

THE CE_TRIC CASE W[TH THE _IGIN A_ THE CENTER CF SYN_ETRY u_L¥ TH_$E

_PERATI_N$ N_T |NV_LV|EG THE CENTER SH_UL_ BE SEPPL]E_, AFIER TH_

SYmmETRY _PERAT[_NS HAVE E£EN ST_REC .IN A F_RM S_ITABLE FO_ THE

STR_CT_RE F_CTCR PRCGRA_ THEY ARE _PER_TE_ _P_ BY _ SU_RC1UTI_E _GE_CHK_

(GEfiERATZfiN CHECKING S_BRCUIIh_) _HICH SGHTS _fiC _XAMIfiES THE OPERATION_

TC CHECK F_R CRYSTALLCGEAFHIC V_LICITY,

(_) c_n.E ___v ._.uPP.LY c_x,SPe_sJc_ c_rREcTIeN CA._c_,_usInG _,ATA er_ EItHer

,_O TEP_PLEtCN (E) CR RI_CF (g). t_ese CeRCS-ArE C_PTICnAL, AS zs The APPLICA-

., -- T|_lN _l_i_e O|$PeRSJeN ccrr ctx ns -Pc- txMe. zF the e' i P  rsz n -

:O ArE Net xN.CLUCEC, It IWILL 6E EECESS_RY TC] rE-rEduCE _AT_ Tc GET TH_:_ cn

THE REFLECT II_N T_PE.

10



/6_j .....

(Vii THE CCNDITICNS OF CBSERVJTIC_ ARE SUPPLIEC NEXT. THIS CA_O PRO-

- VTI_ES-_F_CEF1ZFI_V__tl_E-E_jFXI1WFIjN _SIN-TI_ET_|fL_I_B_EX_ECTED,_TI-_E

NI_IMU_ _BSERVEC |NtEN$I1Yt _E_TRC_- CR X-RAQIATiONt THE CAmErA TYPE ......

(C_L¥ PCWOEEe SPECTE_METER_ WE|SSENBERG, ANC PREC_SS|_ ARE ALL_WLD),

WHETHER GR _OT CNE WISHES TC APPLY 1/LPt _R T_ lAKE IHE SQUAR£ RC_T _F

THE CaTA BEING _ECUCEC,

,TO

(viii) SCALE CARCS SER_E Tt'E PRII_ARY PURPOSE CF ACJ_STII_G IHE SCAL_ _F

THE RELATIVE (NT_NSTT|ES _ _I_CL_PS CF REFLECTI(_I_. |N ,_ODt]iL_t_ THeY

PERI_IT TAGGING GRC_UPS CF REFLECTICNS AS ALL HAVING THE S_E SCALE FA.CTC_H

(M_XIMUIW N_MEER OF GRC]L_PS = 64l, TFE MINIMUM OESEHVEC INTEhSITY F(_I_ fEL

GRCbP, AN{_ PR_VISICI_ FCR WEiGI_TIMG, ARE SUPPLIEC tIN THIS CA_L_. IF _

SCALE CARC-IS SfdPPLtED TEE FRCGRAM _SSIGNS -[= aS TH_ iiEFLEC-TIt_--GRC-tjf_

II_CEX ANO L_SES 1.0 _S TI_E SCALE FACTCR _ND NC LEAST-SQUARES WEIGHTI_(;

FACICRS ARE CALCLJLATEC° _CwEVERe THE VALUE OF F-MInIMUM IS STCREC Ct'_

THE TAPE |E THE WCRC RESEHVEC FCR LEAST-S(_IJAHES WEIGHT, T_LSE _EIGHTS

_._n _ncn ac C_L ..... TEC _I SCME FUTURE TIME OY P'_'d_@R-AI_-_i_T._ {Li ....I,,,, 1,1 L _1 e_n

[C6_01. THE LEAST-SQI_WE$ Ft_CGi_AI_S ALLCW THE SEITING CIF wELGHTS = [.(_

II_ THE CALLING CARC,



e

@

_0

!!J

©
c;

@

2 _)@

;i: e

T_ERE IS A LEAST-SCUABES _EIG_TII',_G SCHENE PI.1C_IIgEg IN THE P_GRA_

kt_lCH IS PJlFTTERI_ED-_FTER TFiE-_ETt_CC SUGGESTEi_ l_V I_b'GFFES TIO_.-/T-iS .......

CALLEC I_Y J -2= IN 1HE SCALE.C_RC. THE FCRIR_ CC;CI_G FC_. ]Hr LJ_IV.,..._F .....

WAS_IhGTCt_ SCHEt'E IS-

WEIGHT • GI/_A_IF(_IG_A,C2,FREL÷G3t_FHLL_GS)
r .

WEERE WEIGI_T = S(_,L_ARE RCI_T C]F _EIGt_T TCI EE USt:I_ l/_
LE_ST-S_U_rES. - -

GI • CC_iST_hT PUNCI_Ei_ lh CC_LS. _3-3T L_F -SCALE =
C_O, ISET =-t,0 t_ flCT 5-PEC-I_Ii_Ct_ ..............

SIGI_ • SI_N_Aro _EVl_tlOn _F _EAsu_._nr _n_ IsPL_nCI.EC IN CCiLS _38-47 C]F -R FLECT|C = CA_, .....

(_2 _ FF1_CTICN_L ERRC]R IE F-RELaTIVE, P_CHEL_ Ii'_ -
CCLS 38-¢2 CF -SCALE= CARC_ _N(_ If_II_,ALIZEC
TC ZE_C. !

G3 • _ICCITIVE CCNSIAN1 EHICH M_¥ BE aPPLll_O AT
USERS ClSC_ETI_ PuncHeo _n CC_LS,_-_ c,_:-SCALE-,.,CAR_ I_ INIIIAL. IZEO TC_ O,O; ....

CI_LS _12 C_F -SCALE = CA_O AND INITIAL"
....... _Z=u...... IC L,:nu

__i_ _CI:ITI_| C(]NST_NT WE|CE NJiV BE 4PPLIEO _T

-SCALE= CARD) AND IhlTtALIZEg TO 1.C.

TEE SCHEWE APPLIES WEIGFtI_G Fb_CTICN- WE|_FI-QLtIJ) I_ WHICH (d)

IS WHICHEVE_ OF THESE T_REE F_CTIChS IS A NAXI_U_- (1) _I_MA_

(21 (_2eFRELe_3lt CR (3l (Q6_FREL_e_S), 1_ _TAI_ _EIGHTS LIKE

TEGSE SPECIFIEC OY hUGHES (lOI-

WEIGht - 1._ FCR F-REL LESS-I_AN K

THE_ _LT

• K/F-HEL FCR F-REL GrEaIER-IHA_ CR E_UAL K

QI = _5 = K

_2 " l.O

T_ _BT_IN WEIGHTS SI_IL_ TC RESULTS CF -CELSIG= PRO_RAM-

_2 - SLCPE CF PL_T CF _ELIA-F VS F_

_I = _3 = |INTERCEPT _F PL_T),(IISCALE FACTOR|

_ = _5 = ZERC
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NCTE- IN _ADER 1C _SE THE _ALUE CF SIGMa FQR CCUNTE_ OATA, Q3 AN_ _5

M_ST _E SET E_UAL T_-A _RY_MA_L l_NBER (BUT NOT ZERO) IN _OERTO-

S_PERCECE A_Y-PREVI_USL¥ _TC_EC VJLUES CF _3 ANC _.

REC_CTICN PRCGRAM BY WRITING A FURTRAN CR FAP SLBROUTIhE FNTITL_Q -_TF_=

(WEIGHT F_NCTION). THE =WTFN- CALLING SEQUENCE PLACES AT IIS _ISP_SAL

F-RELaTIVE, F-RELATIVE(_IhlF_M)_ ESII_ATEC ERROR (AS S_PPLIEC IN THE

_-SC_LE_ CARE;, T_E SCALE F_CTCR_-_N_ _fliBttt_WY- PARAmETErS $_PPL/T:O---iN

THE =SCALE_. CARC, THESE eaClCeS ARE CeLLEC IN I_£ LISTEC CRCER I_ FLOAT-

ING P_lNT_ ANC THE CESIGfiATI_N CF T_E FORTRAN LOGICAL _C_ O_TPUT TAP_ I5

S_PFLIEC, THE CALLING SEQUENCE STEP-

IS EV-PASSEC UNLESS =KE_EC-.I_= BY C_CING A =3 = lh THE APPROPRIATE CCLU_N

OF TEE =StilE= C_Rg'

.(IX) ABSCRPTICN C_eS S_BLY INFORMATION SPECIFIC TO THE TYPE _F

AO$_SP|| _ (._R_|CTi_N ||!_G .AFFLIEO,_ T_E iN.FOW_AI|aN QN SP.E_£5 ANQ

CVLII_ERS CFB_NI_ [II|__'IN-_tL_-_FE_-OF-T-_FE--I-N-TERNATiONeL TABLES

(3). THE C_t_ Is rEAC i_tC THE cc.Put_r _N CAres An_ Inter_Ate_ Fr_

THE vALuE CF (Sln THETA)tLA_eC_ ev elTKEns M_rHCC re). CxFFErent

ABSORPTION CORRECT|CNS Are RE_|REO FOR EAC_ LEVEL. _OWEVFr TEE A_G_LAr

DEPENOE_CE IS COMPUTER CETERMIfiEO'THE ABSaR_TI_ CORRECr[_NS _rE

HA_CLE_ IN THE S_BRCUTIhES "ABSORB" ANC -INAO$=.

(X) F_R_CI'_ _QLt_ REFLECTION _F T_E SPACE GR_P UNCE_ COnSIdERATION

Ht W_ L_ AfiC EITHER Ft F_,_ CR I-RELATI_E N_SI BE PR_VICE_. THESE

{_ANTITlES _RE S_PPLIEC EY I_E SUBROUTINE -INPUT-. THE _NIV. _F WAS_.

IBM TO1 -INPUt= ACCEPTS lEO TYPES OF INPUT F_TS F_R REFLECTION CATA-

u._ ASS_NI_G H. K, L. _ i WiLL BE HANC_NC_iEC__-AND _ CTHE_

ASSbMING M_RK-SENSE CARCS lh CC_J_hCTICN wITH A MARK-SENSE H_PN_CUCER

WILL BE _$EC, THE LATTER 15 _SEF_L F_R SPECTRGMETER WORK W_ERE THE

INTENSITY CAROS _RE PREP_E£ E¥ T_E =REFLECTION GENERATIC_ AN_ CHYSTAL

SETtIIWt3= PflC_RA_ :_ESET=.

............ j
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F(]R Tl_E LESS-THAI_ REFLECti(]_5 (I.E.- THI_SE REFLECTI(]fl$ t_H(]St_ I_TEN_-

ITZE5 JRE_'_TCC tiEitK TC BE value CF a ji_ST

=©turn ,r_= ,_,.+..cae uuam,,,.v©,u =n!.¢n.a+=,+.t._ ;.3 FL_Ci_EC i_ TiiE ZP_TEhSZ,._ C'+"......................... =-=.

THE ,|LE$S-lH,il_S- SERVE A USEFUL PUCPOSE IN the CI_¢UCU!._tl_IS C_F Slr_uctr-

tJRES _NC PRCVICE ADEITI_h_L_ IF S_I_E_HAT INACCURATE, 13AT_ UP_ _HICi_ [_

BASE A STHUCTLJRE UNCER SltJi_, IT IS NCT t4Ah_ATCRY THAt THEY CF

INCLtjCE_.

I_UI_EER CF WAYS GF ICENTIFYING IESS-THANS HA_E BEEN PRCVIDEI_. WHEN

FILI_ D_TA ARE BEING PRCCESSECt THE TWC _LTERN_T|VE$ CEPEN_ UPON _ETL_'_

F_e2_ Ft fJR I IS THE FE;R_ CF T_E DATA SLIPPLIED. (CNE:I The LESS-Tt_A_ C_CE

IS aSSIGNEC GN THE BASIS fJF A hlJIqERIC PI,JNCH IN ThE INTENSITY CARO- LINE'

E]R hIhE (FCR II_M 65C C(_lqP_T|i_[LITY) CESIGNAT|NG AN 131_SER_EO REFLECTICt_

ANO ANY (]THER N_jMERIC PUfiCH CES|GhAT[NG A LE$S-THAI_ (EIGHT MIIH I_M 650)

AI_C (T1¢(_) /1 tCUI_ER[C ZERC PUI_Ch f_R BLANK IN THE C_]CE C(_LI_NN IS VALID - th

THIS CaSE T_E VALUE OF IHE INTENSITY _aY HE SI,JPFLiEI_ AS ZEf4L;. [_LANKt (JR

LESS-TH_N THE V_LUE (_F ll_E I_IhII_UM CBSERVEC INTENSITY AS P_hCHEC IN THE

"C(_NC[IIONm OR =SCALE= CARC FOR THE REFLECT[t_N T_ EE CCCEC A LESS-T_A_.
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I_ THE CASE _F A SPEC1R_ETER CARD, THE RELAIIVE INTENSITY IS CALCU-

LATEC FRGM THE REFLECTICN CCUNTS ANC TIMEr FILTER, ABSORBENCY, AND BACK-

GROUND CGU_TS AND TINE. THE LESS-THANS ARE HANCLEO MUCH TH_ $A_E _AY A_

FUR FIL_ _ATA- THEY ARE ICEhTIFIE_ _Y CCDE IN THE CAECA _R BY TH_

REFLECTICH BEIhG WEAKEfl 1HAh T_E BACKGRCUNE FC_ T_AT REFLECII(_N,

CN THE CUTPUT REFLECTi_N TAPE, A CCCE _F =1= I_ USE_ F_R _+SERvEC

REFLECTIC_S_ =2= FDR LESS-TF_S_ ANC =_= F_R REFLECTIONS EXHI_IIIP_G

SECCNCARV EXTtNCTtCN tW_tCM A_E _CT _ARKEU AT CATA-REUUCTI_ tlME_ _UT ......

lt_ BE IDE_TIFIEU LITER hi FC libel. TABLE i.l_-| SUMMARIZES THE

REFLECTION C_ES.

THE VALUE _F ISIM THEIAI/LAMBBA 1S CDMPARED WITH THE MAXIMUM A_TICI-

PATEC _ALUE B_NCHEO IN IHE -C_NUITICN- CARO T_ CHECK THAT THE P_l_T IN

RECIPROCAL SPACE WILL PASS iNT_ T/IAT P_RTI_N QF THE _PHERE _F REFLECTION

THE VALUES _F THE VARI_U_ SCATTERING FACTORS A_E _BTA[NE_ BY INTE_-

P_L_IireN _ I_E ;SlO_O lile+ll_+!l VitalS., I Ce+pLilE LISTI_O +e+ IHE$.!,

UAI']I-__URE ll¥ BE FUUNU IN _ -_ATIU_AL TABL_E_=-_.

A NUMBER _F A_DITI_NAL _ATA, MCST CF WHICFt APPE_RE_ IM THE LITERAIUHE

SUBSEQUENT T_ THE PUBLICATICN _F THE =iNTERMAIICNAL TABLES-, ARE GIVE_

IN 1ABLE l.lO0-1i. A NUMBER CF THE _LUER LIT_H_IUfiE _EFEHENCES ARE ALS_

LISTED IN REFERENCE 5t Fi|NLY AS A SGURCE FGR THE EARLIER STRUCTURE

CETERNIfiATICNS.

THH_UGH THE USE _F =F_R_T- Ah_ =REF|N= CARPS il iS P_SSIBLE TC _E_U

REFLECTI_ _ATA IN klh¥ _IFFEBE_T FCRMS, W_EN TEE =C_NCIT= CARD IS

CGDEU T_ EXPECT UAT_ IN A SFEC[AL FCR_AT A =F_R_AT= CAR_ MAY BE S_PFLIE_

WHICH CQNTIINS i _ALIO F{RT_Ah INPUT F_RMAT STATEMENT BEGINNIP_G _ITH

=(= _; E_i_G WIT_ =|=. _-=REFIN= CAR_ IS THE_ USE_ T{ SPECIFY THE .........

DETAILS _l THE S_URCE Cf TEE CAIA AS WELL AS ITS _ROER. IF THE DATA ARE

BIN=RY_ ANC ARE aN _ STANCA_8 FQRTRAN WRITTEN BI_ARY TAPEtTHE =REFIt=

CAR_ MAY BE USEC WITHOUT IHE =FCRMAT= CAR_o T_E NUMBER GF POSSIBLLITIE_

ARE-SI_RE_-TI'hlIT-OIWt.Y AN ILLUSTRATIVE EXAMPL_ IS GIVEN-

I I I I II II II il iii HI
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|F NECESSARYt THE CliCSEN X/L GR I/LP VALUE 15 CC_PUTEC A_O APPLIEO.

[F Aft aBSCRFT[Cfi CGRRECT[CN IS T_ BE HAOEm IT 15 CCNE. THE WE|GHTLNC

FACTCR FOR LE_ST-S_RES [S C_LC_LATECo

F_URIE_ COOES a_E OE_t_TEe eV T_E SUBrOUTInE =GEN- USIN_ iHE SY_- .........

_ETRY CPEHAT[CNS PREPAREC e_ S_OHC_T|NE =GE_CliK=. SEE FOURIER P_GI_A_

kRITE-UP (SECTION [._O) F_R fiETaILS CCNCERN|NG Zli_SE C_OES. FINALLY,

T_E CALCUL_TEC [fiFGRN_TICfi I5 _@ITTEN OUT _h T_C i'APES, A BC_ LISTING

l_e;PE- _NC T_ 8-|N_RY mREFLECIICfi= T_PS _lilC_ SER_ES AS INPUT T_ T_- --

CTliER PROGR_NS.

TliE CAtA gH[CH ARE KNOkh AB(_UT A CRYSTAL UNCER STUE_Y. THE _EDUCTICN OF

e _ _ a Pneg_ a_ e L a C e S e _ _ e 1 _ P e e _ L V X _ O S e rCU_ _ Z X:IeS _ _ Z C _ ._e _:g_

8EFCRE a STRUCTURE CETERt_XNATICI_ [SSTARTEU_ Bi_1 _I.E_ES-SPT_C_I_ --_-

PAI4.4NETEI_S _liICH ARE 0ETer_InEc As TliE SCLUTz(_n PHC_GrF_SSES. THE FOrever

CF 1lie REFLEcTICN tAp_ Is Tt_ErEFCRE FIxEo BY T_E ._CST _Et_E_AL CALCULA-

TlCh CR C_I_8[/_ATXCN OF CALCI_L_TICNS PROGRAIqI_EC FCv4 |lie SCLUTIL]N ElF

STRt_CTURES. A BINARY TdFE FORt_aT [S L|STEC IN _PPE,OIXe' lV_ SECT[Ct_ 3,(.

IN _COITION TC ITS Elfi_r_ TAPEm RECUCTI_ _F CATA PrEPA_EO A UCC TAP_

FOR Oe_ L;sT;n_. t_;s .LIST rEpflESENTS-Tt_E R_SuLTS _F IHE CALCULA-

Tzcns eereee_ee ev t_e ereGr,_, zt SnOULO8E C_REFULLYSCAnNeCF_R E_C_
CC_pC_NC.Tli_T Is TREATECzn er_er TC hAKE sure t_At ThE e^szs FCR
eurtliEr CALCULATIONS ZS SCumo.

0
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CATA t_AI_IPL_LATICN PPf.]Gi_At_
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;i

l_E -CATFIX= PRQ(;RA_ kJS kHtlTEN 8V ,.IAl_E$ ;_. ECLHEN,

lee CkTA I_NIPULaTICf_ PRCGHAt_ SERVES FIRST TC GIVE Aft ESTImate CF A_

CVE_ALL ISCTRCPlC "!'ENPERaT_IAE F_eCICR ANC. AN I_TEhSITY SCALE F_CTCR F_

THE REFLECTIC]N CATA,, 11 ALSC CCNPUTES THE N_R_ALIZEO SIRUCIURE

FeCTCRS, Ee BASE n- UPCN T_E tE_PER_TLRE _NO SCALE F_CT(,_RS f_B!A[_,_EC.

TEE _ETHCC CF CALCUL_11CE CF THE ESTINATEC PARA/=ETERS IS BASEC UPCN

TEE I_CRI_AL STATISTICS CF Tl_E I_CRNAL[ZEC STRI_CTUHE FACT(_S (El. [*-lE

PRC]GRAN I.TERATES STARTING kite TI,.tE GIVEN vALUES C]F TFNPERATt_E _NLt S(/_LE

FACTCRS UNTIL TEE SET CF hCHI_ALIZED STRUCTURE FAC[CR5 NEEr THE FOLLC_ING

CCt_0ItICt, lS -AS CLCSELY _$ PLSS[SLE= I1),

(A) E,.2(I_I<L) = (FCBS,,2It-!i_L)tEPSILCNI_(SLJI_ CVE_ AtCJ_ CF TE._PERAT_RE

o

i) e

i!

FACTOR C_nRiC.Tfn_CATTea|N_ FACTCR e'ZIi

_EERE FCES-_'_E-SCALEC F-REL_T].VE

(O) AVERAGE VALUE CF E_e2 IS SET = 1.0 BY |TERaIIC_,

THECRETIC_L_Yi F_R _ Ct_TRI_YI_ETRIC CRY_T_L T_E FCLL_tNG _V_RAG'E$

_[LL CCCUR" AVERAGE _AL_E CF ABSF(E) = C.7_

AVERAGE _LUE CF E_2 = 1.O

_VER_GE _L_E CF ABSF(E_.2 m 1) = 0._68

kHILE F_R ACENIRIC-

_VER_E _AL_E CF _ESFiE) = _,E_6

AVERAge _L_E C_ _BSF(E_=2 - 11 = 0.736

CNCE CC_VERGENCE [S _ETA|_EC_ T_E SCALE |NF_R_eTI_N IS _PLACEC IN THE

=RESCALE= FACTOR BANO CF TEE EI_ARY REFLECT|CN TAPE(RECGRD _, WCR_S 8C

THRCUGE 1_9| _NC THE ES]|PA|EC TEMPERATURE FACTCR CATA ARE PLACEC th _

C_LCULATEO CHANGE I_ CVERALL ISCTRCF[C TE_PERPT_RE FACTOR L_CAT[_ _

T_E EI_ARY REFLECTICN T_PE (REC_RC Se HCRC 85) _E_£ IT IS AVAiL_L.E TC

S_8SE_UENT PRHG_A_S (E.G°" =FC=_ =FCURR=_ ETC°).
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lie

IT |5 PCSSISLEt WlT_ ]HI_ PRCGRA_, T_ EST|M_TE THE IN_IVICUAL LEVEL

" SCALE FACTCRS. T_ESE_t _CwE_:_ MaY N_T B_ VERY RELTA1TLE_-E$PECI_[L_¥ .....

IF THERE ARE FEW CBSERVAIlC_S |h _ G|VEN LEVEL, THE P_CG_A_--IHE.__

PERMITS THE USER TC PLJCE RESTR|CT[CNS CN VALUES _F THE TEMPERATURE A_C

SCALE FACTORS.

IN ACO|TIQN T_ FITT|NG TEE TEMPERATURE AN_ SCALE FaCT_RS_ iT I_

P_SSIBLE TC PEREIT THE _AflYl_G CF TEE PCWER TG W_ICH (SZN THEIA)/LA_EOA

IS RkISED-ILN-TI_EEXPI_E$$10N E_F(-_2_B_((S[N THETAi/LA_BC-At_rXt-F ;_ CRCER

TC _CRE CLCSELY MEET TEE AECVE CCNCtTIC_S FCR TEE STATISTICS (_F (_), ......

IHIS PROGRAM GENERAIE5 A _F.k T_PE WHICH 15 a C_PY _F THE _EFLECI|_ - --

TAPE WITH TEE IECLUSI_E EF lEE ESTIMATEC TEMPER_I_RE _NC SCALE FACTORS

ANC V_LUE CF (E) FGR E_CH REFLECT|CE ST_REC _N [T, T_ESE VALUES _AY

THEE BE SGRTEC IfiTC TAELE_ F_R LISTING BY =ES_I_T=t ANC [_ C_jU_iCF[C_

WITH PROGraM =MC_IFY= _¥ H_E PEASES ASSIGJ_EO I_ (_)-*---_[ -_Si_

PCSSIBLE T_ CC_PUTE E-M_FS !HRO_G_ THE USE _F -FO_HR- PH_GR_M,

L IIERAT_RE CITEC

(11 KARLE_I,L,, MAUPTN_M,E., KARLE,J., ANC WI_G,_.B. ACI_ C_Y_.T.

(lqSO). VCL II, P_E _57-263.



SEARCI_ J_C MC;OIFY, THE REFLECTICht TAPE

!. 1_6-1

0

r'•

THE =MC_|FY= PROGRA_ PERMITS T_E _OIFICATICh CR ALTER_TtC_t_ @F T_E

REFLECTIGN CATA _N THE _INA_Y TAPE. T_E VARIEUS FE_CTI_NS CF T_E

PRCGRA_ ARE-

(1) THE USER NAY SPECIFY AN_ PARTICELAR _UAfiTiT_ iN ANY REFLECTION

VAL_E P_NCHED IE A C_RD, THIS CARC MUST HAVE TH_ [_CIC_S CF THE

REFLECTION T_ BE _E|FIEC. REFERENCE T_ APPEhElX |_ (S_CT 3.¢) 1_

NECESSARY IN GR_ER 1C SPECIFY THE PART|CULA_ _NTITY IN THE

REFLECT|_N REC_R_ (E,G,- =4= IS F-RELATiVE_ =8= [S LE^ST-S_A_ES

_EIGHT, =g= IS THE h_RMALIZEO SIRUCTURE F_CTC_ (E)_ alga tS T_E

SCATTERING FACTOR, EIC.I.

(2) PLa¢| li $PEC|F[ED PEASE _N /l G[;,_N REFLECT|(]_,

(3) REPLACE F-RELATIVE FCR EVERY REFLECTLGN k[T_ F-CALCULATED TE kH|CH

A SPEC|FIEO RANCQ_ GA_S_|Ah ERRCR HAS BEE_ =FPLIE_.

(_) PLACE TEE PEASE CF F-CALC_LATEC IN PLACE GF ICE PHASE GF THE U_IT_RY

STR_CTURE FACTOR F_R ALL HEFLECTI_NS°

(5) RESCALE F-RELAT[VE FCR ALL REFLECTIC_S.

(6) TRANSFORM TEE tfiglCES _F ALL TEE REFLECT|ONS.

kHEE PHASES _AVE BEEfi CEIER_INEO BY A METHOfi _THER TEA_ [H_GH THE

CALCULAT|GE OF STRUCTURE FACTCRS TEE =MC_LF¥= PREGRAM PRCV|_ES A _AY T_

PLACE THE EETERN[NEC PEASES E_ THEIR C_RRESP_N_I_G REFLECTI_N_. THESE

PHASES ARE CARRIE_ (AS Aft ANGLE [N CYCLES) IN E2 (W_R_ LO) _N THE _[NARY

TAPE REFLECTION RECORDS (SEE AFPENCIX tV_ SEG[|_ ]°_). WHEN THE VALUE

GF E2 ]S GREATER TH_N C_E C_CLE IT SERVES AS _ SIGNAL T_T 1HE PHASE F_H

THE REFLECTION IS UfiKNC_fi, -FC_RR=, |N MC_ES 6_ L3t A_C ]4_ (HEN USES

THESE REFLECTJENS FCR k_ICH A KhCkN PHASE IS STCRCCo
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O

MCCIFY REQUIRES =MCCREF- CAHCS _LY FOR THOSE REFLECTIONS F_R VHICH A

-KNCWfi= PHASE IS STCREC SINCE ,C_CTRCN- [NITIALTZEC E2-_ 2L_ TFiE_E A_E

TWO OPTIONS AVAILABLE FOE SIGBI_G PFASES-

(If IF TEE STR_CT_RE IS CEMTR[]SYMNETRLC, COL 1_ _F II'_t_--=._r_DtFy_...............

CARE MAY BE PU_CEEC -2,o A_[ TEE APPROPRIATE -MC_REF= CAR_ [_L_N MAy _E

PUNChEC (eI)i(0)t(-I) FOR 1{ CYCLES)tIUNCETEHMIh_C)t(0,5 CYCLES),

(2) IN THE ACENTR[( (_SE, iT I_ MANCATORY THAT THE W_RD TC B_ RE- -.....

• PLACEC _USI BE $PEC!FIEC IN TEE -MCCIFY= CARE A_C IPl[ ACTUAL PHASE IN

CYCLES BE PUNCEE_ IM TEE -MCCREF- CARE. I_ THIS CASE, COL 16 OF THE

_O -MCCIFY- CARO IS P_hCHEC =1- AbE CCLS 18-Ig MUS1 _E PU_CEEC =10- TO

..... INC[CATE T_AT E2 i$ THE i[_i_ _CRC CF THE REFLECTION RECGRD,

_O

_O

:(h O

THERE wILL BE MAMY |I_t_CE$ WHEN _.C]OIFIC,_TII_(_ {I_SP[CIALLY CF TYPE

PROLOGUE RECCROS. REFERENCE TC THE O_T_ REOUCTICN PR_GRAM (SECTIONS

_ee :_Ne a,aoo_ s_euLc .SCene_© s_ow _ _v Be c_e.eeeo _u_,

_kI

_O

O



T_E =ESCRT= PROGRAM WJ$ wRITTEh EY C_ARLE$ _ICKINS_.

ilr--"•

TMIS PHCGRA_ IS INTEN_E_ TO BE b_E_ TO S_RI I_E _URMALIZ_O

STWUCIURE F_CTORS (E) i_1_ _N CROER CONVENIENT FOR USE WIIH THE KARLE-

HAUPTM_N STATISTICAl P_J_¢ r_TrRMTNIN_ WrT_D S {_yunn, Tr ^n_IT,C_ nnrrc_n,,n_

REFLECIICNS ARE RE_C FR_ T_ STAN_AR_ BINARY REFLECIICN TAPE. IF

THE NCRMALIZEO STRUCTURE F_CTCR (E) FOR A GIVE_ REFLECTIGN IS

GRE_TER T_ A MINIMUM ¥ALU_ SPECIFIE_ BY I_E _SE_( IT IS IHEN SEPARATED

INT_ ITS PRCPER CLASS CEPEM(ING UPCh THE SYMMETRY CF THE I_|CC$ (I.E.-

HKL ALL EV_ IS PL_CE_ IN £LA._r._G_@_H AND_-E_ _MO t _OO__

GGU, ETC.). WIIHIN THE_E CLA_ES T_E REFLECTI_S ARE SCRTE_ IN O_CHEaS-

r ;

5

;(¢

I I I in i i n ,
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PROGRAM FOR L|STI_G S|RUCTURE FACI_ OATA

/
/

• FCLIST = IS CESI_NEC 1C GIVE LI$IS _F FC A_O FG _ITH THEI_ CCR_ES-

PCfiE|NG Ht fie AfiO Le AfiCt FCR ACEhTRIC SPACE G_C_PSt TH_ PHAS_ ANGLE

ALPHA. THESE LISTS ARE CES|GfiEO T_ 8E AS S_CC|hC! AS PGSS|_LE AhO IF

PRIfiTE_ OH WH|TE PAPER _|fH A _E_ RIBBQ_ IN THE I_M ICGI WILL fie SU|T-- --

ABLE FGR PEGT_GRAPHY, TFE FGRNATS CF THE O_TPbI ARE DESIGNED T_ NEEI

THE REG_IRE_ENTS F_R JC_RfiALS Ah_/CH THESIS C_M_IIIE_S.

I_ CRIER TC LIST _lT_ THIS PR_GR_ tHE REFLE_T-t13_ST _E SCHTECI_

EXACTLY THE _AY THE LISTS AHE TC EE MAOE. IF T_|S _AS E_T _NE BEFEHE

OATA RE_UCT|aN IT _ILL BE EECESSARY T_ TAKE APPfl_P_[ATE STEPS T_ PLACE

THE REFLECTIONS |_ _R_ER BEFORE USING =FCLIST=. _V _PT|_S ARE G[VE_I

ANC REFE _e TO _flE-_n_ r_n_3 _ 3ECT;_ 2._u-_ _uc_ _KE TH_5_ ....

CLeAVe THLE FROQRA_ HILL EI1HER L[$1FRCM 6_0 PC DECKS_ CR FflO_ i 5YSTE_

BIhARY TAPE. IF THE REFLECI[EfiS EF THE BINARY TAPE A_E fiGT PR_PEKLY

SCRTEC_ USE THE =BYEBYE= PR_GR_ TC GENERATE A SET _F 650 FC CARCS kHICH

CAN THE_ BE SGRTEO IN THE CERRECT CRBER 8EFCRE _SI_G =LISTFC=,

O

_O "
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CChNAY-TAKECA C_YSTAL :RANSFCRNATIC_ P_GRAM

TRANSFCRMATICNS CF CI_YSTJIL SETTINGS ANO SPACE GROUP SYMBOLS
_mm _aa

TA_ECJ Ar_C J,, C. H, OCt_Y
HIAOSHIAYsIILLCGRAPHICC LABC_4ATC_Y

T, EL'eHNS ,  , KINSUNZve.SZT, 
eAL'IZ_RE Ie, MARYLANe, U. S. A.

-I'_6]-

INATRCOUCT IC]NL BY WI- CRYSTAL SETTlinG IS TRANSFCJRMEC I_The GENERA RULES ICI_
THIS PRCGRAM ARE

Ill WHENEVER PCSSIELE THE CELL ECGES SHOULO CCINSIOE WITH SYM-
METRY CIRECTI(3NS CF THE LATTICE,

(._l SYl_[TeY.E,',,,IVe, C_T -',,,','cSH'"'",.,_,.__E CL'_c'_,,,_.,,..,'_,IF °"_'=S":"'-qr t,,J _.J IL ULJI&. _.. O

I3) THE CELL SHI_ULC BE II_E SMJLLEST POSSIBLE CELL THAT _BEYS CGNCI-TICNS_.,_:II)AND 12)

(6) CELL ECGES THAT CAI_NET BE SYMMETRY DIRECTIONS SHOULD BE THE SHORT-
EST POSSIBLE LATTICE TRANSLATIONS COMPATIBLE wITH CCNOITIOI_ (2).

(5) CELL ECGES THE NAI_!NG CF WHICH IS NOT GC_VEt_NEC B'V THE LATTICE
SYMNETRY_ _HC_ULC OBEY THE INE_t_ALITIES C LESS THAN A LI:$S THEN [t.

(6) THE AXES CF CC-CRC!h_T_S SHCULC_BE OIRECTEC, AL(_NG THE C_LL ECGESt

ANGLES ALPHA AI_C CElia. " ..... - - : '

EACH CRYSTAL S_STE_ CThEE TH_N CUBIC_ TETH_(_C_NAL A._C HEXAG{]_AL 5.S
(I.e., EXCLUCING RHCMBCI_ECR_L) IS T_EATEO e¥ THIS PROGRAM I_ A SEPARATE
SUBRQUTINE. THE RHCMBCMECRAL SLDR{]IJTINE TRANSFCRMATI(]I_S THE CELL TC TH_
C(]RRESPCNOI_G HEXAGONAL CELL, IN THE CRTHCMH_MEIC SUBt_i_UTI_E THE MAI_;
PRfJBLEM IS TC REORIENT TEE SPACE-GROUP SYMBOL I_ ACCC.,IROa_CE WII_AC_N_
QF THE SIX POSSIBLE TRAhSFCI_MATIC_S (B GREATER THAl_ A (]RE T_:H h C). IHEEM_N
CLINIC SUBROUTINE HAS TC FIND THE RECUCED MESH IN THE PLAN_ ( UNIQU
SETTING) (_F THE CELL W|TI_ A GREATER TH_N C_ BETA _WI_N-AC_TE AN[] AT Tl_E SAME
TIME TC REORIENT THE SPaCE-GROUP SYMBOL. IN THE IalCLI_IC 5U_k_UTIhC, TO FIN_
THE $HC_I_IESI TI_REE TRANSLATIONS IS THE MAIN P_C_.LEW, PRC_IOEC THE GIVEN
CELL IS A PRIMATIVE C]NE_ THE ECGES ARE RELABEL_C 1_ CJBEY C bH_ATE_ TH_N A
GRE_TER Tl_Al_ B, WITH ALPI_A ANC HEIA NCN-AC_TE.

THE E_ISTINGI_GRAM wHITTEN BY MISS C. PILLING IN ENGLAND, _NLY
PERFCRIWS CELL RECUCTIChS. IT CGES M(]T CEAL WITI_ _PACE-GROUP SYMBEL_
OR CENTEREC LATTICES OF T_E IRICLINIC SYSTEM. _UR PR(]GRAM _C_LVE$ THESE
PROBLEMS, MCREI_VER, IT CCES R_(JRIENIATI{]N Ai_O I_EWRIITI_G OF TliE SPACE-
GRCUF SYi_BCIL IN ACCCRCAI_CE biT_ THE PRIORITY RULE CF THE SYMMLTHY
EL EIWENT$_. i_

THE PRCGRAI_ MAKES MANY LOGICAL CESISIONS St_CH AS HOW TL, CC]I_VERT
AN L_NCCfiVEfiTiONAL SETTING TC THE CCi_VENTIQNAL Ci_E, T_ REOriENT THE SPACE-

GRCI_P S'_MBCL. FC]RTRAN IS NOT _LWAYS C(]NVENIE_I F_R THIS PU_PLSE C:SPE-
CIALLY WHEN OEALING WITI_ SP,_CE GROUP SYMBC]LS0 _EV_RTHELESS, w_EREvEH _
PRACTICALo THE PROGRAM 15 wHITTEN I_ F{_RTRAfi. SEVERAL 5UBR_UTI_E_ _HlC_
BECAME CUI_BERSONE AND INEFFICIEI_T [_w FCRTHAN WENE wRITTEN I_W FAP, WITH
THE HELP QF l_R. d. IW. STEWAI_T (IF THE UNIVERSITY CF MARYLAND. THESE PAP
SUBRI_UTIfiE$ PROCESS THE ALPEA_MERICAL INFORMATION BY ''A'' FORMAl
SPECIFICATIONS. F(]E EXAIWPLE II_E LINEAR OUTPUT FCHM C_F THE TRANSFORMATION
MATRIX 15 PREPARED BY A PAP S_BRCUTINE. THE CELL CIMENSION_ AHE
REAC FCRST BY '°At' SPECIFICATION ANC AFTER CETEHMI_I_IG THE NUMBEI_ _F
CECIMAL PLACES AFTER TEE CECIMAL P_INT, THE P_C]GRAI_ CCI_VERT5 THEM TC
FLOATING POINT NUMBERS 8Y A FAP SI_BROUTINE. THE _]UTPUT F(]F_AT IS SELEC-
TEC TO PRINT THE TRANSFCRME{ CATA IN ACCORDANCE WIIH THE HigHEST ACCUF_ACY
OF THE I_RtGINAL CATA.
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....................... 516_ ....... _

BESCRIPTION OF THE _ET_UO

TEE PRINCIPLES OF THE _ETECO USEO IN THIS P_G_Av e_E GIVEN IN
OETAIL BY J. 0. H. C_NEA_ (lqS_) ANC 8Y_--_ (1_57t Lg6C). .............

(l) _AIN RCUTINE

THE FIRST STEP OF T_E _Alh RCUTINE IS IG CCNVERT ALL OATAt NUMEHICAL
VALUES AS kELL AS SPACE-GRC_P SYNeCL FRGM [N_T T_ INTEHN_L F_ AN 1_ -
CHECK THAT THE DATA ARE _C_FATIELE _ITH THE CKYSTAL SYSTEm• THE SECC_C
STEP IS T_ CALL THE SUBROUTINE CF THE APPRCPRIATE CRYSTAL SYSTE_t
t_BHt CRTECRt _ONCCL Aft• IRICLI• THE_ THE FRA_SfiOetMEC _ESULfS ARE "
CHECKEC• FER MCNCCLINIC A_E a_RT_IC FCR EXAHPLE_ _N_ CHECK IS 6_SEC _h
THE CC_STA_CY OF THE CELL _CLU_E BEFORE ANC AFTE_ HECU_TIC_. FINALLY
THE CUTP_T FGR_ IS PREPAREC_ GI_IhG THE TRANSF_EC VAL_ES _F A/8,
C/B_A.BtCt (OR CtAtAtC FCR A _HC_CEECRAL CELL). CA_E IS TAKE_
N_T TC L_CS p eNY np THE ACr,_ACY r:F T_ _R_GINAL CATA eY AC_TP. NEXT
THE HECRIENTE_ SPALE-GRC_P'_Y_ECL-_C 'THE TRA_SF_ATICN MATRIX IN LINEar

FCRM _ PRIhTEC, FI_ALL_ FCLLC_EO eY THE _RIGINAL CATA•
A CELL HAS _NE dR MCRE _ CEGREE ANGLES CR IF tT _AS _t_t C_ES_-t--[-T

(21 SUBROUTINES +F RHC+ECEECR+L SYSTEM•

RHC_BH THE CELL tARH ALPha) [S TRANSFCR_EC TC HEXAGONAL [ClA,A,C)
THRCUGH THE EXPRESSICN_

CCS_F = tlT3I.-C.STAN(ALPHA/2)

C/A = ((3)eeC•S/2)TAN(P)

A = _Ai_ISIN(ALPHA/2)

_ C " 3A(RH)CCS(ALPHAI2ISI_(P)

ORTECR _$|NG TEE KNOMN |G_I|NE TC F|NC THE LARGES1 MALUE IH AH ARRAY_
T_E PRCGRAN ARRANGE_ CELl ECGES -_YN_ET_Y LL_:hT5 _F THE SP_CE ......
GRC_P IN THE SE{UENCE A E_EATE_ THE_ 8 GREATE_ 1PAN Ct SETTI_ THE INdex UF
TRAhSFCRMAT[CN ITR• ITR TELL _HIC_ OF THE SiX PCSSIBLE TRA_SF_R_TICNS APFLI_
AFTER THAT A ANC B ARE I_TERC_ANGEC• 8Y _EANS CF CC_P_TEC GU TC ST_TE_ENTS_
USIN_ ITR _S AN INOEX. [1 SETS THE TRANSFOR_ATICh MATRIX IN|Et_ALLY _NC
RECRIENT$ THE SPACE-G_

_F AXES, FINALLY CRTH_R C_LLS SUB_UTINEb EX221CARE CF THE INTERCH_NG_ _ S_MECL TH_g_GH TflC_$_T-_fi S_T_-WHICt+-_-_E_
ANC CC_C.

CC_C RE_ITES THE SPACE-CHC_F SY_ECL TC CBEY THTH INTERNATICNAL T_B_ES_ _ Ae B C_ Ce N E_CEPT _ P_I_RI _LE _F_AT IBCA I_ USL_
INSTEAC CF IBBAo IN T_E C_SE CF _C_U_LE-GLICE PLANES =_ _-_
i ( ) ( ) ( It B ANC C GLICE FLPNES ALTERNATE PARALLEL T_(ICO) s_TC,FCR EACH EE_TE_EO L_TTICE LISTEC IN TABLE It IF T_E 8CTIC_ L TTER |"
_RITTEN_ IT RE_RITES TEE TCF CfiE E INSETAC _F C_ ETC.

(L STANCS FCR L_TTICE _CCE
T_ELE I

It 2, 3, F_R AXIAL CIrECTI_NS X.t Yt Zi

L I 2 3

C
A

C

B

C A

B
[ [_ A A

C C U
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EX22! S_NE GF THE $PACE-GRGUP SYHeGLS LISTE_ IN TAfiLE 2t ARE i
WRITTEN WITh 2 INSTEAC CF 21 • THIS SUBROUTINE EXAMINES THE _PACF- i
GRC_P SYNBGL ANC CHECKS Wi_IHEw 21 SHOULD QR SECULC ,NET REPLACE 2. .........

E.G.t IF P_C2 IS wRITTEhe 11 M_ST EE REWRITTEX.AS PMC21, THIS ISPERFCR_EC IN A SINGLE RCUTI_E ACCCRCING T_ LOC

!

IABLE 2

(L STANCS F_R LATTICE _CCE It 2, 3, FCR IEE AXIAL CIRECTIGhS X, Y, Z)

C fi A
P _ ( ,i P ) 2 M P 2 1_ (

N I N L L N

C e
B ( _. ) 2 A 2 C

_L k I

IW M
C ( _ ) 2 _ 2 C

A I C l l
t_

A I C L I

A
(
h

(
B
N

(
B

0

"O
F_

J:_

_70

_O

C N C B M _ A _ A

..... _T_ ......

SMTR 1H_,_SRC_TINE CH_flGE_ TPE BR_¥_IS L_TTICE _W_SCL BL| TQ
BL2-C_ VICE'VERSA ANO AL-EE_NGES THE GLT_E-FLA_E SYMBOL C_I T_
GP2 CR VICE-VERSA IM THE CRTECBCHCMEIC SYSTEM. FUH _XAMPLE_ _UPP_SE
A_Ad HAS TC BE gE_RIENTE_ AFTE_ IhTERCEANGIhG T_E A ANCB AXES, THE
CALLING R_UTINE HAS ALREACY REWRIITEN AANA. M_W SNIRt WITH AK(;UEME_TS
BLI - _ EL2 - B_ GPI - _, _P2 - e, IS CALLEC TC REW_ITE OB_I_.

(_) S_BRCUTINES CF MChCC_.INIC SYS1EM'LPHASA
NCNC THE SUBROUTINE F|Ra| _XAMINE z _ETTEE _NCCNVENTI_NAL SETTING _ _ _NIGCE) IS F_UN_, I! ,_WRITES tttE CATA

A GAMNA. IF

IN THE CCNVENTICNAL SETTING ( B bNIQUE) RECRIENTS THE SPACe-GROUP
(B C THREE TO C, B GLICE PLANE TC C GLICE PLANE) REGISTERS
THE _NE_-FHC_-CLC TR_NSF_RMAIICN MATRIX IOQ/CO-1/CLC BY CALLING TE{i
SUeRCUTINE TRANS. A SUORC_IINE C_NVM IS CALLED TC REWRITE ANY LJNC_N-
VEMTIQN_L SPACE-_R_P SYfiBCL TC THE CCNVENTIQ_AL _NE. TEE MCHOCLINIC
SUBRCUTINE THEN EXAMINES BEIA. FCR BET_. IT ALWAYS TAKES_TEE
SUPPLEMENT CF BETA, IF THE OAIA CC_E FRfiM AN _LC NCRPE_LIGICAL PAPER,
THE ANGLE BETA was CEFINEC _S THE ACUTE ANGLE (BETWEEN Th_ AX_S ÷CANC
-A) THE CC_ME_T $ _EANS TEAT TH[ SUPPLEMENT IS TAKEO INSTLAD. N_WADAYS

BET_ iS _H_ _fi_..d_E BETWEEN *C _N_ .A_ ANO IT USUalLY IS GBTU_E IF IT ISACUTE IN A CRYSTAL FAPERe ThE TRANS _RNATI_N rAKES IT INTO
ACCE_NT ANC ThE CCNN{NI 1 RECALLS TEE FACT.

THIR_ STEPt iF _ iS GREATER THAN At THE C AN_ A AXES A_E INTERCHANGED BY
CHAt, WHICh ALSC RECRIE_TS THE SPAt.E-GROUP SYMBOL AND CALLS SUBR(]UTtNE TRANS.
THESE THREE STEPS FACILIIAT_ THE NEXT STEPSt _EICH A_E TH_ _EDUC-
TICN CF_THE CE_L ANC ThE _A_T _E_RIENTATICfi OF Th_ SPACE-GROUP,

AFTER CALCULATING THE SCALAR PRCOUCTS AND THE _ESH AREA A_, IT
CALLS S_CRT ANC SPRE_ TC FI_C TilE SEC_NC SHCRTEST TRANSLATICN IN THE

FLAEE|A$SU_ING C TC B_ TEE SHCRTEST) AND T_ R_ORIENT IHE SPACE-
_ GRCUP. IF A HAS BECOME SM_LLER THAN C , THE _NCCLINICSbdRGUTINE _GAIN

SCAL,R _R_CUCTS, ARE CC_FR_fiTEC 'IN THE SUBROUTINE CHECK, WITH THE
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(l) OG_AYtJ.C.H,, -CRY$1A1 _ATA-, 2NO EO., ACA M_hCGR_PH h_. 5.

(2} Bt]ERGEA,_.J;_E[T;--k_I_T, (1_57). V_L 1_, P_GE 42;

(3) 12I_o, (196_1. VOL 113, PAGE 52°
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CALC_LAIE R EVER PRCJECTLEh

THE =RPLANE= PRCGRAN _AS kRITTEN BY JAMES t_. h_L_EN°

THE =RPLANE- PROGRA_ IS EESIGNEC TC PERNIT TI_E C_LCUL_TICt_ CF rHE

VAL_E CF R _= {SUN CELTA-F)/{SU_ FC) FCR A GIVEN [JRIENTATIGN GF A

N_LECULE _:rtn 7_NkL =unj_rT!r_ T,,= un,_ra_, ,u r_RCl_,,!=c A_r. TR_.,TcC

BY 8EING TR_NSL=TEg BY SPECIFIC II_C_EI=EI_TS PAraLLEL lG IHE LtJ_AL _XL_.

STRIJCTtJRE FACTI_R$ ARE CALCtJLJ_TEC FGI_ EACH C_F THE I_ANSLATIC]hALLY _ELATEC

CECRCII_ATES AI_I] THE R _LL_E IS PUELISHED. THE_E IS a LICIT _. 200 ATG_

IN THE IJNIT CELL,

0

At_C THE Ill,RECEIPT C/IN lIE SPECIFIEC FCR EACI_ (_F |HE ZL_N_L DIi_ECTI_$o

T_E C_TP_T IS IN T_E FGRF QF A N_P GIVING THE VAL_ES CF H Fg_ EACH

PCIfiT Ifi THE SPECIFIED 8LCCK _ITH LABELED CC_I_TES.

!
.... i

Ill II III III
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R LIS1 P_GGRAN

THE R LIST FHCGRA_ kAS kRITTEN eY _ILLIA_ KEEF[ _NC

Jo _o STEWART,

THE PRGGRAH CALCIJLATES V_RICIJS _EASIJRES CF TI_E RELIAEILITY GF

STRIJCTtJRE$. IN ALL 11 CIFFEREkT H,EASIjRES CF AGR_Et_EI_T OET_EEN _BSE_VEC

ANI_ CALCIdLATED STRUCTUAE F_tCTCRS ARE PREPAREC. ]I_E OUTPLJT _F THE PRGL_HAN LI_

THE _LJAhTITIES CJILCUI,.A!TE¢. PR(_V!SICN HAS BEEN _AOE TC LIST R*S F_._R

ALL 1HE IdSIJAL ZCNESe LAYEt4St ANC GRCIJPS CF REFLECTIGNS. IN ACCITI_ T_

EITHE_ IN E¢IJAL INCflENEklS CF THaT ¢tJANTIT¥ CRIh E¢tJAL NUNi_ERS CF _EFL_CTICN

AS THaT (_tJJl_TITY INCREASES, FOR EACH SET I_F K _ALI_ES THERE ARE LISTE_ hU_eEK

i_F REFLECTICN5 iN TEE V/IRICLS C_TEGCRIES°,, CBSERVEC, EXTII_CT, LESS-THA_

ANC LESS-Ti_N C_LCULAT|I_G AECVE TI_E THRESHC_LC VALCE,

RL " S_ CELT_ FIS_ F _ESE_VEC

_1 _ LE$$-TH_S C_LY,

R4_ R_ R6 _EPEATS _I, _2_ l_C _3 _S.;I_G SG_AR[_ _A_TtTIES

R7 LIKE RI HUT I_CL_CES REFL'ECTION _LTIPLICITY

LIKE RI BUT I_CL_ES EFPECT CP CISPER$1Ch CCRRECII_N

(_E_TA el I_ T_E SLCFE GF LN(F_tFCI e_ainST Sin _¢UarEC THeT_ OVER
LAEBCA S{UA_E_

(SCALE) THE H_TIC CF S_ FC TO S_N FC iLE_S-THAh5 I_CLUDE_

A_ AFPRCXINATIC_ CF THE STANC_R_ ERICH ¢F a_ CeSERVAII_CP _NIT -
_E IG_T ISGRTF((_CFI*_ZINC)I
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CF pcA S zn   uRxe. MAPS

THE PRI_GRAN _AS NR|11EN 6Y t_ARGARET C. [_AYHCFF 4N1_ d. I_. ST_klART.

=PEAKPK-EXAt4INES A FCLJRIER _R PATTERSON NAP ANO KETLJRNS THE CC]_HIJII_ATES

ANC DENSITY (JF THE _AXII_J. THREE ACtJITIvE _NE CIt_ENSI_t_L PARABOLIC tHIEf-

PCL_I T tC-tc-S- _I_tE NACE T_ F tf_-C-_H_E-_CtNATES--ANC-_I-tE f_EN_rI-TY _ffF--THE--T-RU_. _-Pt_A-K-a--_

THE NAX|Nt_N gEVIATICN GF THIS APPRCXIt_AT|C_N T_ A CJNE DIPENStCNAL GA_SSJAN

CUSVE |S .(_(]3 GRIC UNITS AN[ .C2 PERCENT DENSITY FHC]M THE T_L!E VALLJi::.

THE F_UR|ER _g t_iTTERS_N NAP IS READ |flTO C_HE_ ONE LAYE_ AT--A-__-_

CL_C|NG AS _ANY aS 2O_CC_ PCIfi1S PEE LAYER. THE L_YER IS SCANNEC FC_ GHI_ ....

PE_KS. NEAR EACH _F TEESE_ TEE TRUE PEAK LOCATION AND CENSITY IS OETt!i_P|NEO

AN_ THE vAL_Es ST_RE_° _AXI_ ALCNG THE O_DAHY S_F_CE _F THE NAP _RE

4CCEFTEE _ 6E|_G |h TEE S_FACE. _S S_CCESSivE LAYE;_S ARE _EAO ih_ _ECO_OS--

KEPT OF THE L_CAT|O_ _EfiSIIY Afi_ L_YCR NU_ERS EF _ACH PEAK [N TH_ LAST T_C

LAYERS [h N_ICH IT FJS EEEN F_HO, AS S_fl AS 1HE OEflSITY UP A PEAK OECRE_SE

_• THE INTERPOLATION BET_EE_ T_EE S_CCESS]VE L_YEfl PEAKS IS _ADE AN_ C_R_I_ATE

_ _ e_ _._ _ _ I 4 ...........= _n_ _cna_I ,n_ r_TE6 .... . iF ;E_EE PEAK3 A_ Ai_|LAELE_-t _ F_E_LiC FIT i
o
._•__ __NA_E_ IFO_LY TN_a HAVE EEEh FE_N_t_HE LARGE_ _F IHE t_.a IS _SSUHEC TC BE tH

EXACT PGSITICh,

I_ENTICAL PEAKS FHC_ EACH LAYER _UST BE _ATCHEg. IF SPECIAL _ESCL_TI_N

_F PEAKS IS _ESJREO_ T_E--_CTI_N 6ETHEEN _HE LAYER C_R_INATES _P T_O

S_CCESS[VE PEAKS _AY BE SEI G_HING THE SEAHCH.

Z Zi e

"e

VAL_ES FOR A NAX|E_H _F 1C0 PEAKS CAN BE ST_E_ AT _NY GIVEN TI_ _U_ING

THE SEAECH, IF PEAKS EEC_E TCC N_HER_S l_ ANY _I_EN LAYEr, THE EXCE$_ [S

L_ST. TH|S NAY HAPPEN |F TFE C_T_FF _F _ENSITY IS S_T TG_ LO_ _E IF T_ N_NY

PEAKS ARE SEA_CFEg F_R ]h _E PASS. PEAKS A_E EL[_INATE_ F_ |tic LIST_ _HEN

THEY ARE N_ L_flGER EETECTAELE IN TIlE LATEST LAYEH. GRI_ POINT_ BEL_ C_TOFP(

ARE SKIPPEU OVER, IF ANY GH|_ PCINTS ARE BELCH CUI_FP(2), (H_LES) A bI_NAL [

SET° IF THE NUEBER QF PEAK_ _EAC UUT BECOSES GRE_TE_ THAN INU_t PEAK-PICKIN

AS I_ANY AS NPEAKS PEWITS ARE STG_EC, SYI_t_TflIC_LLY _EL.ATf_D PEAKS AkE ELIM

INATEC AFTER EACH ACCITICN° IF _PEAKS IS EXCEEOECe rile LC_E_T PEAK ALt_E_DY

STEREO IS REPLACEC.

THE THREE PRCJECTIC_S CF _TC_S [N THE _NIT CELL ArE PRIfiT_ _T.

_•_. THE NAT_[X _F C_NNECI|_fiS 8ET_EEN AT_NS IN THE _HOLE _L_CUL_ IS _;EhE_ATE
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O

CCNVERT SISTE_ REFLECTICN TAPE TC

fi_N-SYSTEN [_PUT FGRMAT$

_Ov_

_O

THE FUfiCTICN CF THE =EYEEYE, P_GGRAM 1S TG ALLOW ONE T_ HEAOILY CC_-

VERT THE X-RAY SYSTEM REFLECTIC_ TAPE TC ANY FGRMAT _ESIREQo AT THE

PRESENT TI_E =BYEBYE= IS CChSTR_CTEC kITH THREE 5_ITCHES FOR THE

FGLLCWING FORMATS-

:F;

_O

c)

_O

(|) U. _F W. IBM 65C SYS|EF REFLECTICN CECK FCR_ATo

T_ESE CECKS HA_E SIGNS-_VER-_NITS. OECIMAL PLACES AS $HC_ _E

NCT PUNCEEC IN CAR_S, CCL_NfiS MUST _CT OE 8LAhK CH ALPHABETIC°

l- 4 XXXX
5 X
6 X

i_-_G ecxx
21-26 X,_XXXX

T,3G GC_ '

......

_-46 X_.XX
_7-5_ XX._X
5t-52 CE
53-56 XX._X
57-6_ XX,XX
61-62 CC
63-66 XX._X
67-7C XX._X
7t-72 _C
73-76 XX._X
77-8_ XX.XX

_ECK I_ENTIFICATIC_ CC_E CR Z_GS,IF EXTINCTICN, CTHERWI]E g
E IF _NCBSERYEC. EI_ERWISE

INCEX IS IGN-_VE_-U_ITS l
•t .OiwEI|G_T

|NCEX (S IGN-OvE_-u_iT )_$1_ THE_)ILA_BC
L tNOEX (SIGN-I_VER-_IT;

(SI_ T_ETAilLAM_A,
ZEROS
SCATTERING FACTORt TYPE ChE, F(L)
F(2)
ZENCS
F(3)
F(6)
ZERGS

F(_)
ZEROS
F(7)
F(8)

vhE_.EW£R-:THE LEVEL INC:ICATCR-{]_ TEE REFLECTICh TAPE CHAhuES VALUE, A

•"CCNSIAN_-CARC IS I_SERTEC II'w T_E 65(] REFLECTICIr_ OECK. Tile FCRt_AI t]F

Tile =C(]NSTANTS= CARC IS- (gA_L6,XtLX_,3XtI2)

.,ze27 29
3C-31
32-72

CC_$TAhTS
ELA_KS

X N_MBER CF SCATTERING FACTORS
BL_EKS
XX LEVEL N_MBER

BLA_KS
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1HE LAST ¢ARI:I OF THE _EC_ IS AtN X-6CI TRAILER CARO WI-IICH HAS EACH

CCLt_i_h hCI_-BLAFCK _'_Al_ |I-F_CI_ IN COLldMN _Co

(2) U, GF W, IEl_ 6_G SYSTEM FC RECK FORMAT.

Ti_ESE i_ECKS HAY| SIGES-t_/ER-UNITS, _ECIIWAL PLACES AS SHOWN A.RE

......... NIIT PUNCHEI_ ll_ CAROLS, CC]LIJHNS NUSI NOI-I_E 8L_Wi(-III_-ALI__,

!- 2 Xx
3 X

4 X

5
6

7-I0
II-16
17-20
2 1-26
27-3(_
31-36
37-40
41-46
47-_0

O0
61-65
66--70
71-75
76-_0

X
X
_CXX

TRIAL NUMBER OR Z_O_

.o.
_-IrOTEERWISEr_LEa_g ;H;_ F_ CR FC Lcaa T_ F_I_

E F_R FO WITH EXTI_CII_N _THcR_ISE (_.8 F_R FO UNOBSERVEC_ QTH_RWIS_ '_
I_CEX

XX.XXXX BISPERSI_N RATIO, C_ Z_CS
O_XX K I_OEX
x.xXXX_ (SI_ 1HETA)/LA_OA
OCXX L INCEX
OCCC_O ZE_Cs
xxx x F-CESERVE_

XXX.X F-C_LCULATE_
GCCCC_ ZEROS
XX_.X C_LT_-F = AESFI_._I-_BSF(FCi

0_¢_ ZEROS
X._XX SIN _LPEA " EtABSF(FC)

(Sift ALPHA - ZERO 'FOR CEfiTRIC CASEI

TEE FC CECK IS PRECEEEEO BY A -6_0- CARC EAVIN_; =650= IN C_LS _L3 ANE ...........

-- BLANRS IN CCLS 4-72. IHE FC _ECK IS FOLLGWEO BY AN X-_O TRAItER.

(3) GRXLS - BUSING-LEVY IBM 704 FULL-MATRIX LE_ST-S_bARES _EFI_EM_NI

PROGRAM _Ta TAPE FCRMAT, _EFER TE THE OAK RI_6L hhIlEhAL LABO_AIERY

WRIIE-_P _F -ORXLS- FOR I_E I_PE FORMAT.

IF CNE _ESIRES AhV CTEER FORMAT, HE MAY EITHER _U_IFY TH_ P_CGRAM

=OYEBYE= T_ ACCEPT COOING gF (ICHECS) - 4 I_ CEL _3 _F TH_ =BYEBYC= CAR_ -.

CR ELSE HE _AY WRITE HIS CW_ EQUIVALENT OF =BYE_YC=. THE READER IS

REFERRE_ T_ SECTION l,l IN IHIS MA_L FOR GUIO_NCE IN CCCI_G PR_GI4AMS

WITH THE SYTEM ANO FCR lhSTEUCTICNS _N HOW T_ LCAU A NEW SYsteM PRQGRAM

_SING I_E =LO4_ER= FEATURE,



PART I| - USERS G_ICE (INPUT CATA)

A. CARL CRCER SUMMARY

2.0-Al

_/6_

b.

REFER TC THE APPROFRI_TE SECTION GF THIS PART F_ (]_TAILED LISTIr_:_

OF SLftgflCUTIt_-5-RE(_JIRECP(]R TEE PRUGRAtWS, THESE LISTINGS WILL BE IN-THE ....

,,2.XX-C- SECTION FOE EACH PHCGflAM° A SIJNNAHY OF ALL SLJERtJbTIN.F.S IN THE

X-RllY PR('IGRAN SYSTi_M IS GIVEN |h APPENI_IX It SECTION 3,1-A,

IN THIS SECTIC_t A -_- IfiCICATES AN CPTIUNAL CARDo GE_E_ALL¥, THE

IOENTIFYING SiX CARL CCLLMN_ ARE _ACE AS A _E_C_IC _F T_E CA_ F_NCTIC_

1_ T_E P_G_, A SUMMARY CF _LL C_RC FORMAIS IS G|_EN IN _PPENCIX 1|_

_CE £6_F_IEA LaE_a;C_V _S L_BCRATOeY SPECIetC_ C_S F_R JOB

$ BI_L__|$$ICN, E_PLE$ CF CAR_ CRCERS FOR I_N 7C9 COmPilER fiUNS AT THE

RESEARCH CCNP_TER L_BCR_T_RY _T THE UNIVE_S|IY CF _ASHIhGT_ _HE GIVEN

i• I_ APPENOIX VI_ SECTIC_ 3,6, T_ESE.,.EXAMPLES F_LLUW THE _SERS MANUAL _F

: ...... TtTE_ESEAHCE C_MPUTER L_ECRAT_RY (EC_ITI_N CF APRIL 1963) _N_ ALSO SERVE

_• AS EXAMPLES F_R d_B SbE_ISSICfi IN OTHER I_STALL_TICNSo

THE VARIOUS PROGRAMS _RE LIhKEC BY A SCHEME LI_E THE F[_RIRAPQ-CHAI_

SYSTEm. TEE LINK L_BELS _N[ TEE CALLING CARDS F_R EACH PROGRAM ARE

GIVEN IN APPENCIX V, SECTION 3,5,

THE ELEVEN OPERATION CARES (SEE SECTION i,O-A) RECOGNIZEC AT A_Y T!M_ _Y

THE -CALLER= BRCGR_ M_¥ BE IMSERTEC WITHI_ A C_IA CEC_ AT IHE _SERS

CISCRETI_N. FREFERREC T|ME5 CF i_SERTi_N A_E GIVE_ IN SECTION 2,O-_°

THESE CAR_S _RE NOT EXHAUSTIVELY CITEO (IF AT ALL) I_ ANY CF THE CARL

_RCER S_MARIES IN PART |I INASMUCH AS THEIR _SE _EC_NES SELF-EVI_E_I.



B. PREFERREC TI_ES FCR CPEEATJC_ CARC [NSEHTIC_
.....................

ALL CF TEE CPERAT|Ch CAE[S AHE ACCEPTAELE _1 A_¥ l[_E AT T_tE _EkS

CtSCflETtCNe BUT THEY ARE _CST USEFUL AS FOLLC_S-

REIqJRK - tJSEi_ ANY TI_4E J eE_a_K IS CES[RE_J CN CL_VP_T TAPE.

-TITLE -- tJ-$EO 6EFG_E CaLL;NC_ CARC CF PROGRAN TC CL_RrECTL¥ ST0_E
PAGE TITLE,,

TAPES " USEO EEFOR_ CALL[NG CARC _F PRCGRAP TG A_SIGN TJPE U_;|T$ IF

SECT|CN 1.0-d FCE _ETA.ILS)

PRI_TR - BEFGRE CALLING C_R_ CF PECGR_N EH|CH kILL _RITE SP_C|AL CUTP_T.

p_u_IE - IdStd_LL¥' U$[Q._I_ECTLY FCLLC_j_(; Aft -C;PI:i_TR,, C_RC t_ ALLC;_ [HE

EfiC_FiL - I_I_E_EYER It I$-I_ES|REC TC SEPAR_TE-F_-LES C_N T_ C]UTPUT TAPE --
I_SU_LLY LJSE_ EETkEEl_ PRGGR_NS.

IG_CRE - _SEd 8EF_E _ ._C_1_- C_C.

S_gE m _SEO kHE_ _ FRES_L_ _E_ATEC T_PE IS TC BE S_ED. [T tS USUALLY
_SEC _FTER 4 =_C_TA= CARC ANd J_$T BEFGHE _ -F|NISH= CARC.
THIS C_Rd _$$_E5 T_T T_E T_PEIS) $PEC|F|E_ |S _ECHAN_C_L_Y

EP_R_TEC FRC_ T_E CCNP_T_R(_09_-_9_ _LY). _C IAPES SHCULD
_VER BE SPECIFIEC TE_T _RE TC BE REAC 1_ SUCCEEO|NG CALCULATIONS
dR THaT C_ hCT _CT_LLY HE_U|RE CPER_TC_ I_TERVEf_[IUN,

FIhlSH
--,_nu.c- _A_C _R _fi _Hc _,[Cu_.c uP ,_ ElaN, ,_LkAYS LJSE Ti_|$
CARd _IIT_ _ _ChIICA THAT H_S NC EI_C-CF-FILE BET_EEIq dCf:_S

(E,G,- EELL I_CI_ITCR).

REF H TC SECT|(_N I.C-_t
GPERdT_CI_ C_RCS,,

FOr _Ci_E CET,_ILS CC_CERI_II_G OTH_TR US_:5 _F THE



C. CARC FCRFATS F_R CPERAT|CN CARES.

CONVENIENCE HES CARC ARE CESCHISEC IN _CRE CET_|L REGAKO[NG THEI_
USES Ih SECT l.O-A. ThE_E CA_CS _AY BE USEC AT A_Y TI_E-t_ ANY-_P-TI_.. .......
PRCGRAES IN THE SYSTE_ PEEFER_E_ TIMES FOR T.- I_SE_ I_N ARE SUGGE_T_C

• I_ SECT 2.e-el.

aCATJ - IJSEI3 BY I_ChXTCR AI_C -CALLEI_- TC CEI_CTE HEGINNII_G OF l_ATA
CECK. RE_U_qEC |f_ ALL FHCGRAI, S
FCR_T (AX,SXA6)

L m (eSTE_|SK)

| (t]LAI_K)

EI_CFSL - E_CFILE OUTPUT T_Pe. -cPereTien caee.
TC] BE I_R[TTEN CI_ T_E Ace C_JTPUT TAPE
FC}FIH_T (A6)

__'.?_ EI_0F|L ( IG_C_EC )

E_CT_PE

C_SES _C-_F-_t_: -_
IhT_UT).

XG_CRE

CP_TR

- IG_E INPUT. CPEE_T[CN C_RC. C_USES FCLL_I_G CAR_ T_ BE
I___$K_PPEC UI_CITICNALLY) ANO _$_UF_T CARO$ TU eE ......
SK|FPEC UNT|L _ :e_Te- CARC IS rEAC_EC. (USEO PRINCIPALLY
JUST BEFORE A -eCAI_= CArC).
FC_AT (AG)

CPERATCR IfiSTRUCT|RATR,C _ CIRC. CPERAT|C_S C_C CCUR_A_CE _F e_Ee_ _RE _F _S C SE L THE CentenZS't_ae W.zttELZn As znstruct en T_ECOmpuTer Instruc-T|Cn$ Are _LSC L|S1EC CFF-L|nE LIKE "rE_AHK- CARD.)
FC_T (za_6)

1- 6 CPRdTR
7-72 INSTH_CT|_ TC C_PUTER CFER_TCH (XLA_)



_'O

0

"0
J_

O

PA_SE STCP CCMPUTER. CPERATICfi CaRO, CAUSES CCMPUTER T_ wRITE C_-
LIN

=:SSAG CARC TQ WAIT FGR CPERATCR 1_ CARRY _UT Th_l_l_Ct, -AFT_RM_ GpRA;R:PRESS START _C CGNTINUE- ANC STCPS. _SE_ ,A|NLY
FG_MAT (A6)

1- 6 PAUSE@
7-72 ( [G_CBEO l

PRLNTH - PRINTER INSTRUCILeh _RO. _PERATI_N CAR_. OCCURE_CE CF G_E
_R MCME A_RI_T_ C_R C_US S THE CCNTE_TS TQ BE WHITTEN CFF-

PR_NE AS ST UCIIGN TC T_E INTER CPERAT_R ANC CAUSES T_

INTER Xe eE S eP_Ee. T_E PRINTEM WILL ALSO STOP AGAin

l- e FRINTR (Ae)
T-7_ !NSTR_CTI_ T_ _JFF-L!NE PRI_TEH _PER_T_R. {liar)

REMARK - RE_AR_ CAR_, _FERATIGN CAR_. A REMARK CARE IS USE_ T_
LNSE_T A RE_ARW QNI_ TH_ RC Q_TP_T T_FE AT ANY TIME FOR
[_CLUSI_N CN T_E OFF-LIME LISTING,
FEflMAT (12J6)

I- e REMARK laB)
7-72 ALPHANUMERIC I_FERMATIC_ FC_ REMARK (11A6)

SAvE
AVE C_I_. REW|NI_ AN_ UhLCI{_ (70'iCtlC'_z_)F_NCTION CARl], Trois CAR{]

TEE SPECIFIEO LCGICJL TAPE TC BE MECHAI_ICALLY REMCVE{3-Fi_C]M THE

IOl_ll .......................................

_UMBERS CF T_E LCGICAL TAPES TG BE UhLOA_EO. THE
FIRST BLAhK FEIL_ TERMINATES THE SCA_ OF THE CARE,

PE _ESIGMATEE BY T_ FIEL_
F_flMAT IA6t1213)

1- 6 TAPES_
flEW LE_ICAL TAPE NUMBER FOR ....

7- 9 SXX

IC-I_ SiX13-i SiX
16-18 SiX

q-21 SXX2-24 SXW
29-27 SXX
2e-30 sxx
31-33 sxx
34-36 SiX
37-3g SiX
4C-42 $XX
_3-72

NT|_
hTC_T
_TAPEA
NTAPEB
NTAPEC
htAPEE
hTAFEE
NTAFEF

t_C{3 INPtJT TAPE (PRCH CAK(_ FI_AEEr)
eel3 CUTPUT TAPE (TC PI_INT(!R)
BINARY CAIA TAPE (REFLECTIK_t_S)
BINARY OATA TAPE ISTRIJCI,FACTCRS)
BCl3 CARE) EI_IPUT (TC P_NCH)
SPECIAL BCC CUi[PUI (CPTLCtNAL PI_T)
SPECIAL UTILITY CtJTPUl TAPE
SPECIAL I_TILITY I_PUT TAPE

_TAPEG _N_ESIGNATEC INPUT-OUiPUT
fiTAPE_ UM_ESIGNATE_ INPUT-_UTPUI
RTAPEI UN_ESIGNAIE_ I_PUT-UUTPUT
hTAPEJ UNOESIGNATEO INPU T-fl_TPUl
(IG_CRE_)

:7 ALP__MEWIC I_FCRMATI_N FUR PAGE TITLE,

IlL_O



...... _tp ,i

C. STATE_EfiTSueRCuT[NESrEGAROzNGI_THESIAncAr_IZA_I_n-x-rAY63 SvSTE_CFC_RO F_rNATS AnC [nCLuSjCh CF

THE FCLLC_ING 5TATEkEhT _EGArClfiC FGRTR_fi CC_VENTIONS IS _PPLIC_ .........
TC ALL SECTIONS GF THIS kRIIE-UP RELAT|NG T_ C_RC F_r_AIS.

i.i•

FANILIAMT¥ _ITH FCRT_Afi CCnVEfiT!_hS R ArC|riG [nIEG_R, _t F_.T.fib __

ant B_,InPuT.. Is A n_cEssjrY jDJu_CT unOErsT_n_lnG t c_r_FCR_A A C_LLAR SIGh ($1 I_CICATES A BLAfiK CCL_N _ST EE PrESEfiT,
XCEPT _S SPEC|FI¢_LL¥ _LLC_EC fly F_RTRAN C_N_E_TIGN$. CGLUNNS _CT ......._PPCI_IF_ H_V _NTI!fi a_v I_¢, _' 'ERITH PUNCH[S. A P_uS 5|GN |_PL|[_

_'_L_i'_R h]_u_-siGN_ i_'E_'_ArE'_HE FIrsT SI CCLu_fiS .•presents_Rc vPE z_e_tit_, t_ese ccLu.hs _re lnVlCL_eU_. EaCH pr_Gr_ oEPen_S -
_PCh THE_ TC IOENTIF¥ _fiEG_I_CC_LLY THE C_C F_CTI_N.

NCTE TH_I TH_ PRGGRA_S _ILL F_fiCTIC_ CGRRECrL_ tF THESE K_rnATS _rE
P_fiCHEO EXACTLY AS LISTEC. FIELCS N_Y BE NCC/FIEC Or_LY _IIHIH T_E
FCATRA_ CC_VEhTtChS,

_J

THE Ft_LLcgI!_G st_tEl_El_t i4E(i_flQlfiG INCLuSICn CP SuBF_CIuTInES tn THE

oentu_ eF tH_ SYSTElu
THESE St_EHCUTINES N_ST EE IECLI_CEC.

THE SUBRCUTINES |NCL_CEC _[TH =_EGIN= 'RE GIVEN _ELC_. HCRE _EIAILEC

LIE_'"¥ RCUT|_ES CALL EC "EY "EG[_" _"E INCL_EC I_ THE _[_'_Y P_''

FCRTR_ LIBRARY CH_GES

RCUTIfiE$ E_CING _ITH =Ub- _RE FROM RCL-IbH LIBRARYs SUNHER 1g62.



E. UTILITY PACKAGE RGAJTII_ES,
-i .m g,_ qm ._ .m .,m .,J =m _m _= .m ,,= ,=m4m e= .m ,m .a_ _

2.C-E]_
..... _/63 .......

THIS tS A LIST OF TEE $YSTE_ RCUT[NES WH|CH A_E C_MCN TO ALL _F THE

"X'RAY e3= PRGGRAMS. [F A_ CF THE SYSIEM PRCGRA_5 A_E TC BE USE_

INCEPEfiCE_TLYt THESE RC_TIfiES _ST EE INCLUCEO _[TH THE ROUIIr_ES LISIEC

FCR THE PRCGRA_ IN PART II CF THIS SYSTEM WRITE-UP.

CALLER

•
EXE_W

• FPTUE

u

RERW

.... SPHW

STBbW

STHW

TES_W

TI_E

TSBbW

WERW

CC_TRCL SUBRCUII_E FCH X-RAY SYSTEM,

F_RIRd_ ENCFILE IdPE (_EFT)

REPLACES FORTR_h EXEC_TIC_ ERROR ROUTINE

FCRTRAN FLC_TIfiG PCI_T TR_P (gFPT)

FORTRAN |NP_T-C_I_| B]_RY (gIOB)

FCRTRAN I_P_T-c_I_ul _CLLERITH (gICH).

L_F1-J_STIFY ALL _C_-BLA_K CHaRaCTeRS I_ 8C0 WORC

MECIFIEC FCRTR=_ I_FE REAC ERROR (gREH)

FCRTR_M REWINO TAPE (gWWT)

MCCIFIEC FCRTR_ STCRAGE TO PRINTER _OLLERITM

F_RTRa_ STCRAGE-IC-IAPE B|_RY (gSTB)

MCCIFIEC F_RTR_ STORAGE TU T_PE HCLLERIIM (qSIM).

FCRIR_N TEST LdSI wRITE (_TES),

REAC_ _LOC_. L_e_R_TCRY SPECIFIC HO_I|_E IO GIIE MIN. IN FLO_I. PCIN'C|FF R NT RCUTI_E FEW E_C_ SHOP TIMEMC REACS THE L_C5 STORAGE CLCCK

FaRTRAN TAPE-TI_-$TCWAGE BII_ARY (gTSI_)

1_(_I3IFIEC FC]RTR_II_ T_FE WHITE ERRCR (g_Ei_).

II I i i i ,



Ao CARC ORCER S_MAR¥ FCR =LCAOER= PRCGRA_ (LIhK ICO,

e

LCACER

mEEGIE

ILINK

EN_

CALLS PRCGRAP. GIVES SiX CHARACTE_ TAPE IOENTIFICAT[CN A_[_

_N[T UPON k_lC_ _Ek SYSTEM TAPE IS T_ 8E GENERATEC.

_SEC TC CENETE TFE EEGI_hlNG OF UTILITY S_BR_UT.IhE PACKAGE.

r_,¥ RE_UIEEC IF _T"I TM e.rv.r= ,e TC OE AL T_'_'e

_SED TC CENC1E BEGInNInG CF BINARY CECK CF A SPECIFIED LINK.

ENO CARC. SIG_AL_ E_C CF CATA AN_ INITIATES CALC_LATIG_.

/

!0

REAO$ -_TPRCG-

,:i

ANC WRITES TEE TAPE SPECIFIED |H THE =L_A_ER= CA_.



cJ/63

B. CARC FCR_ATS FCR =LCACE_, PRCGRA_.

e

7e

"e

lie

LCACER -
Cd STE_I_C4T _ P_CG_A_

7 $ 8LAhK
8-13 I_EW T._PE IC (E.G..TbqAY63-)

14-16 X,1_ "LC]CICAL- TAPE NLJIUSER UPCN ;¢HICH THE _Ek_
SYSTEM TAPE [S TC EE GENERATEO

17-'/2 ( l_tl"=_ )

6EGIN - PIARKS TIlE EEGIhI_IhG C]F 13INARY CECKS _F [_[VE_SALLY I,,JSEC
5I_E_RGUTINE$ T_A| _ILL EE SI'C]REC lt_ L_k CC_,qE.
FCRI_AT (A6)

i- 6 BEC, l_s
7-72 (IG_CREC)

L!N_ -"-[-C-_|NI_II_G CF _ LIhK. ........
FCRIqaT (a6,[5)

l- 6 LII_KSS
7-ZI ---X_ .... LfI_R_*fIIJNBER _$ _PECIPIEC IN -C_LLER= |Sl£E-

.... _FPE_I] [H V) ....
12- 7 ;_ ( | GlSC_E'I: i ....

?0



2.1-C!
t163 " --

C. PR_GRAW OECK ANC S_ERCC11NES FOg -L_ACER- PRCGRA_.

LI_K IO0 zL_ACEE- PNOGRAN

BEGIN Ptff_]fl_t- F_ t_PC_TING JI_C/CR LCACING S_STEt_

IG_ FCETHAN IfiPUT-C_TFUT _NIT TABLE (glO_).

TAPE,

SVSCC_ SUBH_UTINE TG INIIlALIZE SYSTEM CGW_h 51CRAGEo

he-

_e

.-

:'e

.e

e



'_.!

_o P_CGRAM LCACING SE_EhCE F_R =NCCALL- CPERATIC_o

LIST CF -LGACERn PRCGRA_ S_ERC_TINE$ RE_|REC A5 CARC DECKS TC _t_

UNDER TEE FCRTRA_ MC_ITCP A_ _ PRIMARY SGURCE TC _ENERATE A_ X-RAY

SYSTEM TAPE FRCM THE 81_JRY CECKS _F PRCGRAMS a_C SUBR_LTINLS. C_CE

THESE PROGRAMS EASE EEEh _TILLZECt THE PROGRAM TAPE ITSELF CAN F_LFIL

THE gLCAOER" FUNCTICN,

Ni2CtLL

ERREC

• svscc_

C_T-C_WE VERSTCh _F ,CALLER= FCR NCh-CH_|N _PER_TI_h.

ERRCR RECCRC S_BR_IIEE.

SUERCUTX_E TC I_ITI_LIZE SYSTE_ CC_CN.

o_ GI;: tn
0

*J 8 F --i_SltL_..-i_- it-.-

Ft3flTff_IN lilNPl.tY-I;lI, JlPU1 I'ICLLERITFI IqICIHI .............

ICSk I_(_CIFIEC F(2RTRII_ iI_PUT-CI_TPCT S_PERVISC_ (_|OSI.

SPH_ Mt_CIFIEC FCRTRAI_ STCR_GE TC PRINTEI_ HCLLE_ITH lgSP_).

MCCIFIEC FCRTRAI_ STL_RAGE TC_ TAPE HCLLtTR|IH

FC_RTRAN TEST LASI WI_ITE (qTES)

t_tSTH).

kERk ECCIFIEC F_RTR_h T_FE WRITE ERRCR |tW[_).

;-0 O

_5

:3

_O .....



Ae CARD _RCER SUMMARY FCR ST_CT_rE FACTGR PRGGrA_.

e

FC CALLING CARE FCR STR_CTURE FACTCH P_CfiHAM.

_ECIT

.SCALE

CALCULdTE_ FRCN PARJHE1ER$__ _I_REQ CN TEE INPUT i_PE.

IF ANY ATC_IC PARA_ETEflS A_E S_PPLLEI] CH C_R_Se ALL PARAMETERS F_R ALL

ATC_S M_ST BE S_PPLIED Ch C_CS,

FCR C_ERALL TEMPERATURE FACTCR, A SINGLE =B-t -6[J-, -_ld=t :_T_=_

=BhCRM-t _R -BNCRMG = CAEC M_S1 BE ThE FIRSI PAR_NETER CAR_, IF |_ TH["

IhCI_IC_AL TEMPERATURE FACTCR MC_Et EACH _AT_M= DR -AT_MG- CARD MUSI OE

FCLLCWEC BY A TEMPERATbEE FACTCW CARD (EXCEPT T_Al ISCTH_P[_ =_= C_L_

BE P_MCHEI] IN -ATOM, _R =ATCMG, CARCI, BE SUrE THAI THE ATUM IDENTITY

C_CE lh COLS 8-13 _F -AT{_- C_ =ATCMG- CARD IS I_ENTICALLY IHC SAME AS

THE |CEHT|t¥ CC_E _N THE FCLL_ING TEMPERATURE FACTOR CAR_, MCTE THAT

THE PRI]GRAE RECQGNIZES =E=. -OId=. "_Id'. -BETA=. =ONCR_'. A_ =B_CRMG=

CARDS A_g CCNVERTS THE_ IhTER_ALL¥ SC THAT THESE CARGS _AY _E CIFFEH£FIT

FCR EACE AIDE,

ATCk ATCN PARAMETER CARD IN FRACTIC_AL C_CrI3|NATES.

IMIS Car_



• 2.1C-A2" --_163 ........

O

_0

IF _C_E THAE _NE TE_PERAZURE F_CT_ SPECIFICArIC_ APPEARS F_R _ GIVE_

AT_. THE PRCGR_E SAVES _L_ TEE LAST TEHPERAT_E FACTOR _EA_) _[|H T_E

FCLL_|_G EXCEPTION= IF A =B_CR_= CR -BN_R_G= C_RD IS _EA_ ITS C_TRI-

B_TI_N T_E A_[S_TR_F|C TEmPERATUrE FACT_ IS AGGEG T_ ANY P_EV[_S

A_I$CT_PIC SPECIFICATI_o ANY H_EE_ CF =6_H_- C_ =__: CAH_S HAY

eNo IilENoCi _,.,._- " P_G_ TO SU_A.ZZe a_e _exu_ ce_z.ec
_O (OR) .......

ENC-TRACE EN_ CaRD T_ |NITI_TE S_APSH_T TRACE (IF ExEC_tI_ _F =FCALC=
ANQ A C_RE _P FCH PRCGRA_ CHECKIhG EEF_E RETU_ING
CC_TR_L TC EE_I P_CGEA_ SEGmEnT.

THE S_R_CT_E FACTCR PR_GRA_ EA$ A =_SERS PATCH= P_CIVISI_. _E_

S_ITCEE_ 1_ eY =CALC_S(_)= l_lS S_H_TINE |S CALLEC AT INIIIALIZAT[CN

TI_E BY= TSX SEIFCP_

ANC a_A|N J_$T BEFORE EAC_ HEFLECT[C_ IS _RITTE_ L;_T DY-

TSX FCPACt_,4

"fSX CF

_iii'O _sx F_

O
....... FR_QRA_-ST_TEHE_TS _NO CC_EE_TS _[LL EE NECE$SaHV.

• T_E -C_VEAT TkICCLE_= CC_CEE_[hG C_F_C_ ST_E_6£.

PLISEEC THRC_GE THE =LCACER= PE_G_A_.

THE TkC (:Lt.41_TITIES 1t_ T_E CALLLfiG SECIL_E_CE ARE hL_l ]_i CCI_PIC_,_ STC_I_AGE.

_t_lS PRI:]CECL_I_E IS N_T GEf_ERALL,'V P_ECC_I_ENCIEC LINLESS i'I_E PP_C_GI_A_, l_

VERII C[_EYERSAi_T EITI.'i FC_I_A_ A_C FAP CCIUING $[hlCE CA_EFt_L STI,,10Y {_F THE

PATC_II_G IS _CCC_-



e

v_

FC

............................................ _2_el ......
I

______ i

CARC F_EI_ATS FI_R SIRl_CTLHE FACTCR PROGRAM° -- ........ i--......................................... --
!

CPERATIGN CARCS (EESCbl]BEE lh SECT I°O-A. A_C CARC F_;_MAT_ ARE GIVEr_
II_ SECT 2.0-C) MAY BE II_S_HIE{] AT ANY PLACE CESIREL] BY THE USITR.

SEI-UP
FCRIWAT

I- 6
• - 7

T"'T8-13
-1_,-2 !

2,2-2S S$$_

26-2g |$$_

CAR]_r FER STI_tJCTtJRE FACTOR CALCI_LAIIIJN,

1

3C-33 SSSX

3_-37 I$$X

3B-41 |$$X
4_-4_ $S$_

46-z4_ $SSX

._(t- 5 3 lit X

6G-63 SSSl

6¢-72

_LAhK
CCMPI_, CCMP_NC I_E_IIFICATI_ CCD[.

c_ALE C_"" ,_R U I )I'_ }
F RELaTiVE 5CALL FACTORS.

FIX_T {I_/(2)/(_) F_R (N_ PARTIAL
CON_RIBU,I_N)/(FARIIAL CGNTHIE;UII_)I
(_SE PREVIOUS FC AS PARTIAL C_T_IB.)

_[-FI. 11)/(_) F_ (L_-FIII(HI-F[) TRIG
A_C EXPONENTIAL F_CT.IUhS

CISFERSI_N C_RRECTI_. (1)IIZ) F_R
(_C N_T APPLY)/(AFPLY WHERE NECESSARY)

_SER PATCH. (z)/(_) FC_ (UYPASS)/(A_PLY_
(_]/(2) FOR (NOR_AL)I(CRIPPLE AUf_MAIIC

SCALING OF AT_S AT SYMMETRY CENTERS F_R
CENI_C CNCv_......... --

FC SCALE FACTOR. |I)/|2) FO_ |NORMAL)/
(SPECIAL).

FCR _ER_EL T.F. _L_¥$CC_FUTES-CCRR'-EC_. ...........
T_:©vEM_LL _, (l|/l_) FQRIUSE OLD|/

FCR INdIVIdUAL I.F. (I)/(2) FOR
(C_ N_T)/(_) CEMF_TE _VERALL B

SPECIAL FC SCALE FACI_R. (NU_BER'_F
ASYMMETRIC _NIIS CR MCLES, IF UTHer
lhAh THAT CETER_INEC BY LATTICE TYPE.)

LIS} eN B_ UTF_[ IAPE. TW_ WILL CAUSE
PARAMETERS _N_ FC IC LIST. T_REE

s  ,Essese TH ,ITIs FcAT FOURIER dr 6[FFEREnTIAL _Yr_ITHES,S
TIME BY CUCING T_E =FDURR= UR =CIFSYN=

CA_;:_ TO LIST FC _EEHE_Y SAVING A_O_I13 CF CALCULAT|_ TIME M_VING TAPES ) i
AhY LEGAL PUNCHING CESIRE_, OR DLAN_S.

LABEL - T_PE L_BEL_G CARE, _SEC TQ I_ENTIFY BI_ARY TAPE.
FCR_AT (12_61
.....I_"6 ..... LABELS ....°;

T-72 ALPHahEMERIC IhFCRMATIG_ TQ BE ESEO AS TAP|; LABEL

GRIC - FCbRIER GRI_ CaRC.
FORMAT (A6 [XmA6_3I_)

z- 6 _RICs:
7

B-Z3

18-21 $XXX

2
tXXX
aNY LEGAL

BLANK
CCMPIC, CCMP_NC [CE_TIFICATIUN CU_E.
NUMBER CF GRID INIk_ALS ALONGTHE X

AXial CIRECII_N,
GRIC INTERVALS ALONG Y AXIAL CI_ECTIO_
GRIC INTERVALS ALENG Z AXIAL _IRECTION

B_NCEING DESIRED. CH BLANKS,
I



O

O

O

: •
I

iO

, !i l

EDIT

SCALE

7

18-22

$ 8LAEK
_XXXX _ QF EEFLECTICN _EECING CHANGE.
XXXXX K _F REFLECTICE NEEOlNG CHANGE,

X XX L QF R FLECT|C_ NEEOING C_ANG[,
XXNcTE= LEAVING JNY _NE CF FIELCS 1_ COL_,

E

23-27 XXX_X

28-32 XXXXX
33-_5 XXXX,XXX_X
q3-52 XXX_._XX_X
_-7_ _NY LEGAL

NE_ LEAST S_ARES _EIGET
CESI_EC PENCHINGt CR BLANKS.

23-b2
DLA_K _[LL CAUSE FCALC 1C _E GLC VAL_ES

hEH JCOCE STAT_S t/2t3 FCN OBSEKVEO/
_C_SERVEC/EXTINC!

_E_ LEVEL [NC[CATER ([ _E 64 ALLGkEC) I
_Ek FRELATIVE _S (F1;.51

- SCALE CARC FOR F RELATIVE CATA

_- 6 SCACeJ
7-16 SXXXX,XX_X SCALEFACTOR TC APPLY TC F _EL (FIG._)

11-20 I$X_ G_C_P ICENTIFICATI_N (1-6_) ITS)
A _P lOE_TIt_ CF ZER_ _ILL APPLY
CVERALL F-RELATIVE SCALE TC ST_RE[_
VALEES GF SCALE FACTQRS° SCALE CA_O_
LCACEC AFTER GRC_P=ZER_ _|LL NCT _E

.... _I_FECTECo
21-72 _NY LEGAL P_hCEI_G CESIREC_ CH BLA_KS°

FCR_aT (k6o[X_Aee3i_2FS,_)

7 |

III:I
3_-41 SX._XX

_-72

_LAhK
CC_P|C, CCMP_u_C IC[NTIFICAIIC_ C_E.

,, . !! °THE a
NC LI_IT) LFBo4)

_[N[_ SIN(THETA)/LA_CAo (OL_NK _EA_S

ATCk -

NC LI_XT) (FS._)
_NY LEGAL PUfiCHlfi_ CESIREg, CH _LA_K5.

1= _ _TC_SS| _L_hK
8-13 _T_ h_E - CCNSISTS CF Tk_ PARTS. tHE

1_i-21 SXX.,_XX

_--r -- _ _ _ _ _ _ _ " _ _ _ _

38-_3 SX.XXX
_O_

.... _6 SXoX_XXX

FIRST, _HICH _EST NCT ENO [_ A Olt, LTt [b
T_E AT_-rvPE N_E (SEE F_R_F_). tHE
REST .OF THE =CRC EP TG A TUT&L CF $|X
C
o_L_ aV BE _ENIC I_E_TXFICATIUh

ee    ERZC. _LANKS ARE [GNC_EO.
X FRACTICNAL CCC_[NATE (Fa.4)

_CsuPERCEOE FU,,_T.

Z

IhCIVIC_AL [SETREP[C TEMPERATURE FACTCR._AY BE ZER_ GR BLANK [F APPLY[N_ _ER
ALL TEmPERatURE F_CTCR QR |F A SEPARATE
TEMPERATURE FACTC_ CARC [S _SEB_ bl_CE
T_IS _CRO IS THEN IGNCREC, ,

|hCIVIC_AL ATCH SCALE FACTOR ¢F5._). _USI
BE LZEHGS GR 8L_hK |e @E IGN_KEO.

STAhCARC CEVI_TIC_ IN X. -t(_TIONeL - l_-t_ --
IS RE_IREC _NLV IF P_Q_RANS TC BE
USEC RECUIgE TEE I_F_aTIO_.)

STA_CARC CEVIATI_h I_ ¥.
STA_CARC CEVIA¥IC_ _ Z._5-72 SX.XxXXX

O_



io

_O

u

o

_0

7

_O

_O

_0

ATC_G TCN PARAMETER _ARC HASEC CN GRXC PC[I_TS.AFC_FI_IT (A6tlX.3 8,1tF6.3oFS.2p3FB.51I-

1- 6 ATCI_GJ

GRIC CARI_.

" I CtroPlc TEMPERATC.E eactGr Care,

7 S e_A_K
E-l_ CCNPIC IF CVERALL TEMPERATURE FACTOr,

I_'21 SXX._XX 8

BId - A_I$CTRCP[C+_EI__flE FACT_fl CARC.
E-IPI'*21'UII,JI=BII.J)

l_ F_HTRA_ _CTaTI_

? $ 8LAhK

-2l SXX.X_XX +_ (F8.4)_-2_ SXX._XX_
.......... E_33_-3+

iii+i.iii u.+i
_-el sxx._xx e
62-72 ANY LEGAL P_CHI_G CESIREC, CR _LA_K5,

uzd _xsotrepxc te_per_tu,e FACTor CArO. r_ a_pLITuoE OF Vt_T-tCt_
SEE C _ _sC_UICKS_NK,_CT_ Crv_T,V_L _,tat-t_e tz_61

I- 6 UZd|..'
7-bl FOR_I I_EhTICAL _lTH BId CA_.

6_-72 _NY LEGAL PU_C_IhG OESIREC, C_ _LAhKS.

BETA - AfiISCTRCpIc TE_pER_TuR_ _ACTCR CArC x_ F_rtrAh ne_arz_nE"IPI_"2]"_S-A-II)"_STARI_IeLII,JI=BETAIt.J)

l- 6 BET'S I7-6t FOR_ [(EfiTICAL _lT_ El C_RC
62-72 aNY LEGAL F_CEIhG CES[R Do CH _LANK5.

_O

O



0

_0

_ • _B4

B_C_ - AfiISC_TRCPIC T_PERATIJRE FACTCR CARC W_E_E Tf_MI_ERAIUEE FACTOR
Is _P_E_SE_ Z_ tER_S OF _(x) uSING t_rE_ rrlnCIPALAXES c _e ELLZPS(;IOGF V_B,ATI_N.AnO tHe E-(r,,rF
ARE vECTLR$ WHIC_ EXPkESS THE OIRf;:CTIE]NS C_F Ik_ (IF
THE t_r_ P_INCZPALAXES _F t_ VI_RAt_C_ CULZPSCX_.
THE II_IR_ IS ASSUMED Tl_ BE _CHMAL I_ IHF_ TW(].

FCRMAT {A6 IX,A_gF6._)

7 $ _LA_K

I_-18 X,XXX_ El (F6,6)

3B-_3 _.X_ E
*_-_e X,XZXX El3

_5-60
61-66
67-72

x.x i}}
ANY .GAL P_INCI_II_G CESIRE_ C,t_ BLA_WKS.

_MCRMG - ANISGTRCPIC TEMPERAT_EE FACTOR CA_. LIKE TH_ -B_GHM= CAR_
except CCEFFICiENTS aRE BASEC U_ _RtC _|NTS.

7-66 FORMal |[EhllCAL WITH 8fiCRM CA_C.
67-7_ _NY LEGAL FUMCHIN_ CESIREC, CH ELANK_.

_;nu

1" _ "' _NOtll
7 ! ......... 8LAfiK

_-72 _NY LEGAL P_C_I_G CESIREC, _H BLANKS.

ENC-T_ACE - ENO CARC TC I_IIIAIE S_PSMCT TRACE.
FGRNAT (A6,ASI

?-II T_CE
12-72 AE_ LEGAL F_C_ING OESIREC, _ 8L_hK$.



C, FRCGRAM CECK JNO SUBRCbT|MES FCR STRUCTURE FJCT_R PRCGRAM,

FCChE

AIM

CCT

ECIT

LINK ICCC PARAI_EIER LCACER FCR FC.

zO P 'V

PARAMETER LCACIhG P_GR_M FCR STRUCTURE FACTGR CALCbLATIC_
• • [

O|SCARCS RIGHT _IGIT5 FRCM eTCM NAME LEFT J_ST|FIE$ ATCM _A_E
CESIGNATICNt ANt LCEKS _P-ATCM TYPE _UMBER.. FROM....OICTI_NAWY

!

DCT--eRCCIJCT OETwZe_ TWG VECTCRS.
I

I

RS PATCH TO I_LCW ECITING CF SELECTEC REFLECTICN3 PRl_R T_HE CALCULAT|Ch F FC

WRITES BLANK TaPE FCH i_ECCRCS TC BE REWRITIEI_.

HAS SENSE ENOUG_ T(] PtQT PRCPER S_FFIX Ch L1UTPUT NU_,BERS.
(I,E," --2_NCS IhSTEiO (_F 22THS (WHICH LC_KS SILLY))•

MATRIX _ECTCR PRCDI.JCT. o,,

pay VeCTeR p eeucT,

_O

P_lq_ VECTCR _WATRIX _ECTC_ PR_C_CT.

I_O SLItJW Fi_RTRAN SHI]RT LIST INPt, T (9SLI)

!_O SLCUW FCRTRAN Sfl(]RT LIST C_TPL_T ('_SL(])

St_RUW FfjRTRAM FLC_TIIWG PCINT S(_t_ARE RCI_T RE_IQTIi_E {_5(_R)

S_t_S_ PACKS UP-THE #_TCIw P_#_tl_eTER ST_ftAGE t_EPI,_fWI_IhG t_PCf_ IHL TYf_E CF
TEI_PERaTURE FACTCR I_ATA TC BE CALCULAIEC,

L_CRCSS NC}RIWALIZE_ CRC]SS PRCCUCT BETWEEI_ TWC VECIC_HS.

LJNI1V N(IRIqAL [ ZEi_ _/ECICR,



• 2. IC-C2
4/6t_ ........

e
LII_K IGCI FC S1AT[_T[CS P_CGRA_,

Ngm_glw_qgel m _ N _ ag _g_

i!i•

re

o

FCT_C

C_P_k

ERASE

FCALC

FCI_F_

FCCUTP

FCPACE

T_PE _RITI_G AhC STATISTICS CALCULAT|NG PHCGRAN FO_ S[_UGT_E
FACTGR PRCGRAN,

F_RTRA_ CU_F RCLII_E (fC_P)

kRITE BLANK TAPE FCE RECC_C$ 1C BE HEk_|TIEN.

CALCULJT|CN CF STRUCTURE FACTORS,

REA_S REFLECTICh CA1A FCR FC SUERO_|INE,

kR|TE REFLECTIC_ CAIA FCR FC SUBROUTINE.

C_M_Y _EICH ALLCkS FITCHt_ _F FC J_$TEEFCRE THE FInaL HRITE
_T CF T_E _EFLECTIC_ CATa.

SLI_N

SLeek

S_R_

TRACE

X_IX

F_RTRa_ SHC_T LIST J_F_T (_SLI)

F_RTRI_ SHCRT LIST G_TP_T (_SLC)

F_RTRAN FL_AT[_ PCI_T S_A_E RCCT RO_Tlh_ (_SC_)

S_AFSH_T TRACE FCR C_ECK-C_T CCNVENIE_CE.

C_EVERT FLC_TIEG PCI_T N_EeER TC FIXE_ P_lhT _BER.

_i• e

II II II IIII I I tit



I

C. PREGRA_ CECK ANO SUERCUTINES FER gIFFERENTIAL SYNTHESIS PRCGRAH.

LI_K 2_0 CIFFE_E_'IIAL SY_IVESIS PRGGR_M

_IFSYh

ATh

ERASE

BaCGRAM F_R OIFFERE_T!AL SYNTHESIS (LI_K 2COG)

L_CW-UP ATCP N=_E I_ AIEM-TYPE CICTIONARY

WRIIES BLANK T_BE FOR HECEHCS TC BE RE-WNIITEN

EXFAIWC

FOOt, IF

SIQBRGUTINE TO EXFAN[; AICl. PARAMETERS FCW INCIVICUAL ANISCIRdPIC
I EtWPERATIJI_E F_CTI_R i_ATA

WRITE REFLECTIGh UAIA FOR FC SUBROUTINE

.J

0

scu p 

SGL_Tt_

S_R_W

• SQUAS_

-_ F(]RTRAN $i_C]_T LIST C_TB_T

F_ETE_M FL_T.|.N_ _|Ni $|_E aN_ COSINE R_UTINE

(qSLI)

(QSL_)

{g$CN)

S_BR_UIINE I0 SOLVE P_B_MEIER S_IFIS

SUBROUTINE TO SOLVE TEMPERATURE FACI_R SEIFTS

FCRTRA_ FLC_TI_G P_l_T SQUARE ROOT ROUTINE (_S_R)

PACKS ATCM PARaMETErS SICNAGE CEPENCING _ [_MPERAIURE FACTE_

XPF_W FORTRAN FLO_TI_G P_iNT EXPChENIIAL R_UII_E (gXPF)



e . m _

e

jj
'; T-

O

-- r

0

e

2,3e-AL

CRFLS

,SCALE

,ATC_

,E

eEETA

,BId

,_EF

,hGREF

CALLIEG CARC FCR ECSING-_ARTXN-LEVY LEAST-SC_AtCE5

SCALE CARO FCR F _ELATIVE CATA

ATC_ PAflA_ETER CA_C

[SCTRCP|C TE_FERAT_HE FACTflR CAEC

AE[SCTRCF[C TE_FERAT_EEI:FACTflE CAHC

Afl|S_TROFEC TE_PE_AI_RE FACTCR CA_O

TUR_ CN _EF!hE_E_!

SHLTT _FF REFINEEEET

eNC_E_. SHUT CFE REF_NE_EfiT CF ALL TENPERATUEE FACTORS

efi_SCAL SHfiT _FF REF|NE_EhT _F SPEC[FIEC SCALE FACTCRS

EhC EhO CARC

• lhESE GAffeS _RE C_TJglI_L.

t_ClE 2)
L ATTN. TEEFE_AI_RE FACT_Rt A_ SCALE |_FCR_AT[_N _ST _EACEC EEFCRE _V REF|_E_EET !NSTH_CTI_NS

TFIS Pi_C}GRAI_ F_S EE_ER _E.4_C CF CVEHALL TE_PEEATUHE FACt_flS.

_E _SEC, IF A_Y ARE LC_CEC FRCN CARCS _NLY THCSE F_N THE
CA_CS A_E USE_.

(ECTE _) IF ALL REF[I_EluEI_T RESTRICT[C_N CARCS AFIE LEFT CtJT HEF[_ENi[I',iT
_!LL BE C3_ A_L 5C4LE, PCiSITIC3t_AL ANi3 TEI_PI_ATt_R[ PA_AI_ETE_S.
HCNEVER I_C] ATTERII_G FACTCRS 131_ I_LILTI|_LICITY FACTGRS _[LL-:_[
SET TC i_eFlr,,I

C_LV IF T_E PR_GRAN IS 5ET 1C p_C_ C_RCS ICOL_ J2-34 CF -OHFL$= CAkC
gH[TES THESE |NdGES IN t_E _C_ _CCE fl_ -NTdPEC . IHE P_fiCH IAPE.

0



.................................................................. 2.36-e1

B. CARC FCRNATS F_R SYSIE_ -CRFLS-
a

ECT 2.0NC} MAY BE XNSERTEt_ ,_T ANY PLACE I]E$|i_ED BY THI: IdSE:@I,

/

CRFLS

SCALe

- CALLING CAR• FOR B_I_GaMARTIN-LEV¥ LEASI-S_A_ES PRCtGRAM,

lw 6 C_FLSS
7 S _LA_K

8-13 CCMPIC - CCMPC_C [_ENTIFICAT/_ C_E
1_-16 $$_ _M_efl CF CYCLES I_ EE C_LC. (_C)
_7-19 $$X (1)/(2) FCR (IS_T_PIC)I(AN|S_T_kOPICI(XTF)

..... PROGRAM C_NVERTS IF RFCbIRE_. AVERAGE
DIAGOnaL ELEMEN1 USEC IN ANIS_TR_PIC
CCh_ERSICN

2C-22 $$X (_LAhK)/(I)/(2) FOR REFIhENE_I _ASED _
(F)I(Fem2)I(F CCERECTE_ F_R DISPERSION}
(_FSQ) .....

23-Z5 $IX (DL_K)/([) FGH _ (SCALE)I(_E_CALE)
FACTORS FROM TAP_ (I_ESC)

26-28 $SX (SLA_K)I(1) F_R (LC-FI)I(_I-F_) fk[_
F_CTIC_S (IF_I

WE|G'HTS E_UAL l,_I (IW) '
32-36 $$X (BLANK)/(I)/(_|I(]) F_R (N_ C_RCS)/IP_NCH

C_RCSI/(P_fiCH C_RCS _NC-IGNCRE-fiCfi ........
PCSIT IVE OeF_NIIE leST)l(SEI e_C_ T_E I.F.
W_ICH G_ NQN 'P_S _EF) + (l:T) - ::

35-37 $$X tSLA_KI/(I) FOR (C_ _CT)/(CC) LIST 1HE
R_FLECT, [NFC. CURING LAST CYCLe (|LIST)

36-_0 $|X 8L_K= CC NOT LIST.
I = LIST THE REFLECT. F_R _ICH _L|GHTEC

CELTA-F IS CRLJIER TH_ RR (IR£J)
2 = LIST REJECIEC REFLECT. AND ALS_ THE

C_RRELAI|_N MAIRIX FOR _ACH CYCLE
_[-_3 Six (8LANK)I(I)I(2) FCR (_)/(_SE_IiUSE; P_Ev_

I_US FC) FIXE_ _IC!M CCNIRIB. (IF)

67-_0 ,X_ C_MPI_G CR EN_ANCIh_ F_CT_R F_R P_AM_--I-[-i_ ..........
SHIFTS (BLANK _ Q.C - 1.0)

51-56 .XX_ RR TC CGNTR_ LIST (BLANK : 2.0)
55-58 ._X_ _EJECT FROM C_NSICERATION IN SHIFTS REFLECTIONS

W_SE WEIGHTEC CELTAiF IS LAR_ER. (BLANK = lO_l
9q-61 $$X (8LANK)/(I) (N_)I(SPEC[AL) SYMMETRY P_TCE

RE¢_IREC
62-72 (IG_C.ED|

- SCALE C_RO FOE F EEL_TIVE CATA.

7-16 IXX_X,XX_X SCALE FACTOR IC APPLY T_ F REL (FL_.6)
17-20 S$XX GROUP IDENTIFICAT|Q_ (I-6k) (I_)

A CROUP |CE_T[TV CF Z_HC WILL APPLY
CVER_LL F-RELATIVE SCALE T_ SI_RE_
V_L_ES OF SCALE FACTORS, SCALE CA_OS
LCACEC AFTER GRCbP=ZERO WILL Net i_E
AFFECTEC,

21-72 _NY LEGAL P_hCHI_G CESIREC, C_ _LANK$.



t

_t

_JJ
1

©

0

O__

ATC_ - TCIM FARAHETER CARI_o
_CR_aT (A6t|XtA4 rIFE,4 wP6,3tFS.2e 3F8.5 )

•1-' 6 ATCII_S ................

7 ii 8 _ AI_K .
8--13 tl_A__-I_liE ....C_,tcS.iSiS C1F T_C P-_TS. I._

FIRST. NHICH i,itiST _CT ENC It_ A QIGITe 1_

-_-it_.-_,. ,-_ ,, ,_l.," ,- SIx --

_ _ OF THE PAl! GUt..IR IT(31. THII SECC_C P_IT

i'-2i 'XX.'IXX i F RAC T i CNI. ,CC_,HCt,_I_TE _ ' IF_4_

TO $1JPERCECI F_,_T.
tt-ZcJ txx.x_xx v

C-31 SXX i tltil!il Z
R_-_.3 SX.XX x llll_!Vtniili l$_Tcl_nir 't,c".,,a:nA'ri,_r. cirTr_

....... ..,..... .,,.. ...._¥" EROS CiR eLae, IK iF ,IFI=LVZl, IG OvEn-
_ILL E PERATIDIIE FACTCtR _Ol IF-A SEPnRATE_ -
TEMPERATURE FA TC C;4 CARC I$ LJSEC, SXNCf']
TEIS kCt_O iS lt_Et_ IGI_CREO.

44-40 IX.IX IhCIVIOUAL AlOt, l SCALE FACTOR iFg'2I. _O_T---
EE ZEROS C]R BLAEK TC_ BE [GI'_GREO.

_-56 tX.)fiIilXX SIAhC_RC CEVI_TIC}I_ fh X (gF._iDl, ilEC _,LY i_ ......

5"/-64 IX.XXiIXX STANCARC CEVIATIQh lh Y.
65-72 tX.XXXXX ST_NC_RC CEVIATIOh [_ Z.

I_CTR_PZC TE_FER_T_RE FACTOR CARC. ---
FCR

_T (_6_iX 16_FE.41l- 6 iS|it
7 I ELAhK

B-13 NANEAT IF INOIVIOEAL TENPERAT_RE FACTOR.
I4"2[ IXX,X_xX E .............
t_-6l _Sl eE eLA_K.
62-72 _NY LEGAL P_hChl_G OESiREC_ _R _LANKS.

BETA - I_IS_TICPIC TEmPERaTURE FACTOR CARO. lh FCRTR_h NCT_"_
2t(PliiTItlSTARIIIiASTARIJIe_IIiJI=_ETAII,j)

FCRItT (A6 lX _6 6F_ 4)
1- 6 [ iSeTJ ' "

7-6Z FOR_ll ICE_TI_AL _XTH OlJ CA_C6_-72 _NY LEGAL P_h _lhG OESIRECI CH _LANK5.

BId - At_I$OTROPIC TE_FER_TIJRE FACTOR taRO. /,h F_RTR,Itt_ NO'fAT-[ON

7 i 8L_hK
8-13 N_EAT.

_ l''ti tXXoXXIX _ll (F8.4)
tl'2t iXX.XXXX ell

3C'3_ IXX,_X_ _3_38-_5 tXX.X_XX Ot
6-53 iXX.XXXX _13

_4-61 SXX.x_xx _23
62-72 _NY LEGAL P_hCHIhG CESIREC, CR BLANKS.



e

G

, j

2.36-B3
4164 " -

REF - _EF[K_ CN fiANEC PJHA_ETER CARCS.
Z ilA3)

7 $ BLA_K

H,++
S SCATTERING _'_t_R

A_ISCTRgPIC TEMPERATURE _ACTC_Sellie_2iB331E121Ei], 2+E Ng TURNS C_ ALL Sl PERATURE FACTCIS IF IN THE
ANiSCIRfiPlC _CDE

14-16 XX_ (SYMBCL FRCN ABOVE LIST)

44-46 XXX tsY++ .mm I IsBOrE L
41-72 (IGN_ C

NC_EF - CO NOT REFINE CN NAMEC PARAMETER CA_OS.
FCH_AT (A6ilXlA61 A

7 $ BLA_K..
8-L3 _TCM':'_.C (IF THIS FLLL_ IS LEF! BLANK THIS

CAR_ ACTS _N ALL ATCMS),
IF THE FOLLOWING F|ELCS A_E All LEFT BLANK (CR NOT PUNCHED FRCM

THE F_LLcWINO V_LI_ LIST) T+xs cArlA Is +n TH_ nA_eu at+M.WitHin ANY u_ T_ES ELEVEN F IEL_S t_EC _W nG B_LS .FCLL l SYM ILL
HA_E MEANING=

S SCATTERING FACT R
M _ULTIPLICITt F_TC_
X_YtZI_xiY Z ATCMIC P_RANETERS
e ISCTROPlC TEMpeRAtuRE FACTor ---
ell,e22,e_3 _i2,e13,e23 ANISCTRGPIC IEMPERAIURE FACTG_SB SHUT _ F ALL SiX TEMPERATURE FACICRS IF I_ THE

ANIS_TRCPIC _COE
14-16 XXX (SYMBOL FRGN ABOVE LIST)
l?-lgt 20-22_ _3-_$i 26 28, 2g-311 32 34 3S-37, 38-4_ _1-43
_-46 XXX (SYMBOL FROM ABUVE List)
4+-72 IiGnOrEO)

NCTEMP - G_USE_ ALL TEM_ERA|URE F_CT_R REFINEMENT TO BE SHUI t_FF
FCRMAT (A6)

l- 6 NOTEMP
7-72 IIGflCHECI

nuSCAL - CAbSES _cL SCALE Fl_lu. -_ri_r_cni _u _ $H_T _FF,
FCRMAT (_6)

l- 6 MESCAL (CR _SCALE- IF it WiLL MAKE ¥_u HAPPY)

17-2Q SI_X (_I)/(BLANKI/(_CA_E GRCUP I_TcGI;R)
(_PPL¥ OVERALL)I(_HUT _FF ALLI/(SHUT GFF
SFECIFIEC GROUP)

2i-72 IIGN_REO)

EI_C
FCR+WAT

7 t t_LAhK
8-72 _NY LEGAL PUI_ChIhG CESIREC_ C_ BLANKS,



@

C. S_ERCUTINES FOR -CRFLS= PRGGRA_.

e
LINK 360C 8USIhG-_ARTI_-LE_Y FULL-_ATHIX L_AST-S_UARES

BUSING-NARTIN-LEVY F_LL-NAT_IX LEAST-S_A_E_ PRCGrA_ |Ll_ _C_)

GET ATC_ TYFE fiU_BER FRC_ ATC_ ANC C|CT|C_A_Y _A_E

@

': CRCAL

!_:'_ C]RFtJN

CRlh

_Q GROUT

i CRPAC

,:0 I_rPt

:,_ CflPRE

_0 CRRES

CRSe T

• Cr SNI

C_TES

• _rTRIG

CR_T

SL[_

_r_

SLCUU

S_RUU

XPFU_

@

_RlTE$ ELAN_ TaPE FGR rECCHCS TC eE RE-_ritt_n

RESET RELaTIonShIP FCR BETAs _en SPEC[AL Pcslt(cn _arc_znG
IS RE_ulrEC (uSER 5uPpL|EC SPECIAL poSltIcn pATCH).

C_LCUL_tES STRUCTURE F_CT_RS A_C CER|VAT|_ES

_SES SYSTEN CCCE_ TC GENERATE REFLECTIONS

REAR BLEARY REFLECTIE_ TAPE

_RlTE BINARY REFLECII_ T_PE

CCRRECTICfi FCR SFEC|_L PcS[T|_NS.

CCPY PARANETER$ FrC_ CnE SToRaGE ARRAY 1C anCt_ER

SETTInG-uP ce _rELI_I_JRY C_TA FRC_ REFLeCTIoN tApE

RESET rELATICNS_/PS FCr PCSITIOnAL PArAmETERS *_En _pECIAL
PCS|TICNAL P_tC_lhG iS rECUIREC (uSERsuPPLIEC sPECiAL PATCH)

CCPY PARAMETERS FRC_ C_E STORAGE ARRAY TC _fi_THER

TEMPERATURE FACTCR E_L_ATICN

TRIG FUNCTICfi _CCFTEC FHCM SYSTEM =FCALC = $_C_TI_L

_RlTE NEN PARAmeters CN FRCfiT _F BINARY i_P_T TAPE

F_RTRA_ SH_RT LIST |_PCT {gSLI)

FCRTRAN SHCRT L|ST E_TPUT (_SLC)

F_RTRAN FL_AT[_G POint S_ARE RCOT ROUT|_c (qS_Rl

FCRTRAN FL_ATIEG PCINT EXPGhENTIAL FUNCTION (_XPF)

@



O
_.40-AJ,

A. CARC flRCER SUNMARY FCR FC_EIER SYNTHES[S P_GCHA_.

PCUnR

uFZERC

a_AXHKL

_AP

_GRIC

IRENARK

aPRI_TR

CALLIEG CARC FE_ FCURIER PRGCRA_.

CHANGE VALUE CF F(CtCtC) FRflN TEAT SLPPL[E_ _T DATA HECU(.f[_

L|_ITS FCR FC_EI_H SU_ATICNS,

P znt C  TrCL cA e
FOUR|ER GRIC CARC (CFTI_AL IF A =GRI_= CA_C h_5 BEEN _S_C _1

ANY PREV[(_JS FC C_LCULAT|_N T|_e)e

ANY NUNBER CF RE_A_K CARES HaY eE USEC t_ [N_E_T r_rKS _n
T_E _Tl_T TAPE

INSTRI._CT_CNC_RC F_R _FF-LIN_NPR|NTE_._ _PERaTCR _SUALLY U_ECr_ INSTRUCT _PER_T_R TC TU FF A_T_TIC C_E_FL_ F_
P_GE RESTCRI_G

CESCRIPT[_N CF FC_RiE_ _aP

EN_ C_RC. SIGNAL5 EhC CF O_TA A_C IN|TIATES CALC_L_TZC_.

THESE CARDS ARE CFTICEAL. TEE ERQER GF =TITLE=, =FZERG=_ =_AX_KL = ,

=_RIC=_ =RE_ARK-_ ANC =PRINTR= lS GPTIGN_L. =L_Y_UT= ANC =ENC= _U_T

F_LLCV AFTER THESE C_R_S,

C REACS =NTAPEB= A_C NR[TE5 =NTAPEC= *=_=_
GPTICNALLY _RITES A BINARY COPY GF HAP C_ =NTAPEE= a=***

(_CTE 1) T_E 8I_RY INPUT TAPE =NTAPEB= _ILL _E RE_C_NC BEF_r_ aNO _FTEr

EACH FIRST-SUN F_SS, IF =_TAPEQ= IS NCT T_E _CNIT_R _UT_UT

TAPEr TVERE HILL EE _E ENC-CF-FILE _FTE_ TEE C_TP_T FOr EACH
N_F.

FC_RIER H_P AhC THE T_PE =NTAPE_= _[LL BE RE_N_ _T THE ENO

_'_P_/'_E R_# _T NCi _T T_E E_ _F THE F_RiE_,

(NCTE2) IF A_V REFLECTICh E_CEECS TEE LIMITS _F E, K_ L, E_

(SIN THETA)/LA_ECa PUNCEE_ IN THE =_AX_KL= CArC_ T_E rEFLECTION

IS IGNCREC, bCkEVERt T_E _AXINA FCR _ ANd H3 S_C_LC BE NC

L_RGER THAN NECESSARYt FCR T_EY CflNT_L T_E EXTENT CF THE

GALC_L_T|Ch TC EE [C_E Ih THE SEC_N_ A_C TE|RO SU_ _S E_LL _S

THE _V_UT _F 51C_GE, THE C_TA REC_CTI_ P_CGRA_ SlatES IHE

C_RRECT VAL_E$ FCR _SE CF F_LL REFLECTION C_TA.



2. t,(:_e !_
-_7G3- "

B. CARC FORMATS FOR FCUHIER PROGRAM°

I

/

C

_3

FCURR - CALLING CARC FOR FOURIER P_GRAM (LINK _CC_)
FCRMaT(A6_XX_A6 6Xt313_F_._tF_,2)

7 | _L_K
8-13 CE_PIC_ CC_PCUNC ICENTIFICAT[_ C_OE.

_k-tg ELA_K

_]-_ _xx CAL_UZ_Y._. Tree (_3) reFEr TO
SECT 1,60 F_R CET_ILS.

26-28

29-37

38-_, 1

'_2-72

[=_SER FUhCT|CN BY EEANS _F PATPAT,

VECT R MAP (SHARP C_CRIGI_ REMCV[_
P_TTERSC_).
C FOURIER BY HEJE_TIC_ TEST _IfH

6=F(FGeRR-FC) WITH FM[_t2 FER LESS-IH_

5=FCAFOURIERt-F_R C_RMECTE_ FOR CISPcRS.TiC _NC CRlTEg)A (_)_SE_.
6=F_ FCUHIERt P_aSE ANGLES CEI_MI_O

F r_ un!t_rv Sr.ucTurE FAC_C_.S.
7=FC FOURIER. USES ALL rEFLECTXCNS.
8=CELTA Fm _¥ REJECTION TEST (F_IRR-FC)

F_R CBSERYE_= (FC-FC) FC_ LE$$-f_N$-,
g=CELT_ F. WIT_ L_AST ScUArES WEIGHT

_PPLI EC Tg 0

ELTA F W-IFC-FcI_TEST LE$S'TH_S BY (FMIh-FC)
XO-CELT_ Ft FC CC_ECTE_ FOR DISPE SICN

rAtze An_ crIteriA (_! u_E_.
=_ELTa _ eeserve_ RE LEct_enS enuYF

ZZ=CELTA., V_rI_BLE WEIGHTING W=(FC/_)
_r s.o W_zc.ev_. |s Less An_ xcj_ct
LESS-TnaNS C_ULAT_ LESS-T_Ar_.Z_=E _p. nH_S_S _ S,_G_TISTICS.

14=E M_P. PHASES FRCM FC,
$$X (ELANKI/(X) USE (ELCIt(N_W) F _El.ATl_E

S EALE FACTORS
XXX,XXXX_ ELECTHON _EN$|T; SCALE FACTUR. _)LA_KS

GIVES C_TP_T AS LU.(_IV).SIGMA F. FaCT_

B_NCHEC REPL_CE_ 1_. " _
,E  CT[CN  SeCBVC,ZTe it̂ sia) ane (e). ZF LEFT _,LANK _ SET ECUAL)"VF

tE ZERC TC |_CLUCE ALL REFLECTIONS,
ANY LEG=L P_hChING OESIREO, CH BLANKS.

IWAXHKL - LIt_ITS FI_R FI_URIER SIj_WIWATICN,

X- 6 VWL
7 $ _LAI_K

14-I
Ie-2&
_2-2)
26-33

_2-72

CCNPIC, CCMPOUNO ICE_TIFICATI_N C_CE.
_xxx _Axz_u_ H t_ ee use_ ([_)
sxxx ,_xz.u_ K t_ e_ uSE_
sxxx _xz_u_ L t_ ee use_
_X._XXxx M_XI_U_ SINITHET_I/L_MB_A. (_AnK _EAnS

IX.X_X _INIM_M SIN(T_ETAIILAMBO_. (_LANK MEah5
NC LIMIT) (FB._)

ANY LEGAL P_hCEIhG CESIREC, Er 6LA_KS.



.i

7_

,,)

FZE.G - IN ANY VALLe CF oEStRE .
FORMAT(A6 ?xl- 6  zeA l

7-L3 _LANKS
|4-22 XXX.X_XX_ _ALUE CF F(OCCI
23-72 ANY CESI_EC LEGAL PUNCHING,

DES|RED,
_H BLANKS.

LAYCUT -CE$CRIPTIOh OF _AP FCR FCURIERt PATTERSCNt ETC,,
FCRMAT (A6t!X ABwgI_ IX 311_I6 121

1- 6 LAY_ ' ' '_1 (AM)
7 ,8"13 _.HP!C_ CCMPCUNC IC_NTIFIC_TICN

_-l?6-21
22-25
26-2q

3_-41

50
51
52
5_

(THE NEX1 I_INE FIELDS ARE PUI_CFiEL)

_VVV

SXXX
_XXX
$XX
SXX_
#XXX
SXXX
SXXX
SXXX

(1_,). |

CC_E.

I_CRE_ENT ALDNG X (IN GRIO CCurOINATESI.
h_MBER CF POINTS CALCULATED I_ V CI_ECT[_
CRlGlh VALUE CF Y |in @RIC CC_R[IINAIES).
InCREPENT AL_N_ Y TIN GRID C_RDINATES)
hUMBER CF POINTS CALCULATEO lh Z OIRECT_h
CRIGIN VALUE QF Z (IN CHIC Cfl_RCI_ATE5).
INCHE_ENT ALChG Z (IN GRIQ CCCR_[NATES),
eLA_K
SCANNING INDEX F_R X CIRECTIC_. (ill
SCANNING INDEX FGR Y DIRECTION. (if)
SCAkNING INDEX FCR Z OIRECTI_. Ill )

THE SCANNING INDEX FCR A GXVEN _IRECT[Cn iS z tF THAt

_QRCINATE GCE$ F_CP PAGE TC PAGE IN T_E MAP IFIRST SUM) 2 IF
IS D_W_ TH_ PAGE (SECChO SUM)_ AND 3 IF IT IS ACROSS _ETCP CF THE P_ E (TFIRC SU_).

94-57 $1XX LINE WIDTh, (I_)

LINE WI01_ W IS THE NUMBEH _F PGINTS ALC_G X_ (THE
THIRD SCANNING CIHECTIO_) TO APPEAR _N _NE PAGE. IF THE
NUMBER OF P_IfiTS ALCNG X3 IS GREATER THA_ W + I W P_IMTS
APPEAR ON THE FIRST PAGE AND THE nUMBER OF P_Zn_S r_MAINInG
TC BE PRI_TEC kILL BE DECREASED BY w. AS S_O_ AS I'HE _MBEH CF
PC INTS REMAINING ALCNG X3 IS EQUAL T_ OR LESS THAN w + I, ALE
REMAINING POINTS kILL BE PRINTED _N IhI_ PAGE. TMC i_AXIF_UM
PERMISSIBLE _AL_E FDR W IS _0.
(FCR LISTING C_ A I2C-C_AR. PRINTER (Ie_ 7171 MAX. W IS 27.)

AS A_ EXAMPLE, IF THE NUMBER _F P_IN_S ALONG X; IS

L N F H A@ 61 PCINTS ALONG X3 AND W IS 3_, 30 POINTS
WILL aPPEAR Ch TEE FIRST PAGE ANC 31 _n THE SECO_U,

IF T_lS F IELC IS BLANK. _R W IS C_TSICE THE RAI_G[
|0 T_ TOt THE PR_RA_ WILL CCMPUTE AN _PT[MUM VAL_E _F w.)

58-59 _X SPACE CCNTR_L INDEX. (12)

THE SFA_E CC_TRCL iNOEX _kV _E i, 2, 3. 4 F_k _ii_GL_:F ---
DCUBLE, TRIPLE, C@ _UACRUPLE SPACI_Gt RESPECTIVELY t ITRIPLE
CR QUADRUPLE SFAC|NG BE_IRE EXTRA CCMPUTING AND P_INTI_G
TTN-E'_S-BL_fiK LIEES Must BE FRINTED.I
ANY NUMBER CT_ER I_JN ONE OF THESE WILL CAUSE _UbLE SPACING.

6C-72 | BLANK



GR!C

!ii:•

Et_C

£0

- PRINT CCNTRCL CIRC.
FCRMAT (A6,IXmA 31¢)

1- 6 FAP$11 t
7 S _LAI_K

8-13 CC_PICo CCMPCHI_ |CENTIFICATI_N C_,IJE.
14-17 SX (1)i(2)/(3) FO_ (L(JNCRE CA_Ci/iS_PI_E_S Ti_E

Pt_INTING OF Nt_t_Si:HS t_ITtdIN THE RA_G_
SPECIFIEOIt{tC_IIE _AP IN fiihAi_Y fJh :t_TAPEE-- ......

AS _ELL _ FLJNCTICIN 2)l_-21 XXXX I.:PPER Lllq C ESTAi3LISH PRII_T
S_PPRESS lCt_

22-25 XXXX LCHER LII_IT I_ITH SIGN I(_ ESTABLISH PRINT
SUPP_.ESS IO_

26-72 _tjST EE BLANK

FCURI_R cE!C CJRCFCR_A (A6,1X,Ae,31q)
1- 6 GRIC$1 "

7 1 BLANK

B-13 CC_PICtoCCMPCHNOF ICENTIFICATI_N C_E.1¢-17 SXXX NU_ER GRIC INIEHVALS ALCN6 IHE X
AXIAL CIRECTIC_

8-21 SXXX _flI_ INTERVALS ALC_ Y AXIAL OI_ECTICE
2-2_ _XXX GHIC INTERVALS ALC_G Z AXIAL _I_ECTICN

26-72 _NY LEGAL F_CHI_G CESIREC_ C_ BLANKS.

E C C
F_RI_ CARAT

I- 6 ENi_I$1
7 $ !_LAI_K

8-72 _t_Y LEGAL Pt_l_Cl_lt_G CESIREC_ CR _LANKS.



e__

e

,s

C, PRCGflAM CECK _NC $U6R_UTINES FCR FCU_[ER $YNlflE515 P_OGHAP.

LINK 4CC0 FCUR|E_ _AT[C_ PRCGRA_,

FC_RR

FCF_N

FCSUM

MAP

_CCPCS

CRC_L

PATPJT

SChUk

SLCU_

TIME

XrhC

FHCGRAN FCR FC_EIER SYNTHESIS.

FC_R|ER REFLECTiC_ EEACING, GENERATCRt A_[] FCSL_ FEEDER.

THiCL[_[C FCUR|ER S_AT[C_ PRGGRA_,

SPECIAL ECUR|ER _R|hT FEAT_eES

SUB-RCUT|NE TO CC_VERT A P_S[T[_E OR _E_AT|VE _BER 1flf_ A
PCSIT|VE _CCULC _L_E.

HAS SENSE E_CUG_ TC P_T P_CPER S_FFIX O_ _TP_T NU_ERS.
(I,E,- 22N_$ |hS_E_C CF 22THS (_HICH LC_KS 5[LLY)).

PATCH _lCH PERPITS C_LCULAT[CN OF A_Y 1YPE _ PATT_R_o

F_RTRA_ FLC_T|EG PC|fiT S|_E _C CCSINE _T|NE (_SCh)

FCRTRAN SHORT L|$T C_TP_T (_SLC)

S_ER_UT[NE T_ REAC CL_CK.

S_E-RCUT|NE TC FRCFERLY _CU_C J_ST-F|_EC FLCAT|hG P_I_ NU_EERS.



2.50-AI

A. C_RC C_CER S_ARY FCE FC_RIER REFINEHEN1 PHCG_A_o

;O

FC_REF

• GR [1_

ISCJLE

ae

eATCI_

_A'TCt_G

,CATCI_S

CYCLES

Et_O

PRCGRAI_ CALLIhG CARC,,

GR[C SPEC[FIC_T[Cfi

LEVEL SCALE CR G_EEALL AS F_E FC (LII_K !0C(_)

CVERALL |SOT_CPIC TEI_PERAT_RE FAC;C_R

(SEE fiCTE 11

(SEE I_CTE 11

(SEE NOTE t)

SPECIFIES NtdI_EER C)F REFII_EMENT CYCLE_.

ENC CAI_IJ. SIGhALS EhC _F CATA AI_ID IN|TIAT_S CALCCLA[|C_.

(_CTE I) THESE ATC_ C_flCS S_PERCECE _TONS C_ I_E _EFL_CTI_ TAPE kite
ICENT|CAL fi_Em CR P_HF][ _CCIfiG AIC_S WITH DIFF_ENT hA_E)o

TEIS PRCG_A_ REACS -Hi,PEA- A_C _[TES Flfi_L FC Ufi _(_P_=.

_'_O

_O

O__



e
8, CARC FCR_ATS FCR FC_R|ER REF|NE_EN! PRCGRA_.

D0

CFERJTXC_ CanOS (CESC_ieEC In SECT l.O-a Ano carl eOr_At_ ar_ CZv_,l_ SECT .O-C) HAY 8E _SERTEC AT ANY PLACE OE$l_EO BY THL USEr.

FCUREF - FC_RI;R kEFINlhG PRCG_Ae CALLING CARO
FCr_a (a611Xa6FC_El_311,212l

GRIC

1- 6
7 $

e-t3
14

¢IS-17!
15 x

16 x
17 x

le-19 SX

2C-21 SX

22-72

B_AhKC _PIC - CCMPCU_C ICE_TIFICAT[_ CC_E
8L_fiK
S_TICN _RCER

|T _ XPP_RTa_T F_R $PEEC THaT (3) VArY
Le_.sT _aPZCLY Ane (X) HCST _A_[OLY.

(G CR 8LaNK)/II)/(2) FOR (SET ALL SCALES
-Z,C)/(USE SCALE F_CtgrS F_ TaP_)tIUS_
RESCALE F_CTerS F_C_ TAPE|

( IGNCEEC )

FC_RI_R GRI_ C_RCFCR_a IA6,1X _6,3141
l- 6 GRI_|

7 $ BLa_K

8-13 CC_P|C, CCMPC_N_ JCE_TIFICaTI_ CeCE.Z_-17 sXXX _u_eer OF GRZC n _rvau_ aLcN_ t_e x
axX u ezrectz n.

Ze-2t _xxx GrZ_ ZnTERVAL$ _LC_G V _XZAL _Z_ECTZ_n
2_-2S SXXX G_ZC zntErvaLs ALChG Z aXiaL _zrectz_n
26-72 _NY LEGJL PUnCHInG CESZrEe, Cr ELANKSo

SCALE - SCALE CaRE FCR F RELATIVE CaTa.
FCHMaT (a6 F1C.4_I¢)

7-Z6 sxxxx.Xx_x _CALE FACTOR t_ _VPLV t_ F re_ (FZc._)
11-20 SSXX GROUP IcenTlFIc_tlcn (l-e_) (1_1

a _r_up zoEnt_t_ _F zER_ _zLC APPLY
_vEraLL F-RELATIvE ScALe tC st_rE_:
V_LUES OF SCALE F_CTORS, SC_LU c_C_
LC_CEC AFTER G_Cup-ZErC *iLL net _e
aFFECTEC

21-72 _NV LEGAL PUhC_IhG CE_IREC, Cr BLANKS.

- ISCTRCPIC TE_PER_TLRE F_CTCR C_RO.
FCR_T (A6_iX _6tFE.4)

1- 6 e$l|lJ
7 _ eLafiK

8-13 CC_PIC IF CVERALL IE_PERAI_E FACTC_.
B-L3 h_EaT IF INCIYi_L_L TEMPERATURE FACTC_.

14-2L SXXeX_XX
22-61 _ST 8E 8LANK,
62-72 ANY LEGAL PE_CHI_G CESIRE_, CR BLANKS.



O

C"

ATC_

•

ATC_G

- ATCM PARAMETER CAHE.
FCRMAT (A6 IXtAeo3FE.4_F6,3_FS,2o3FB.5)

1- 6 JTCE_
7 S

E'L3

14-21 SXX,X_XX

22-29 IXX,X_XX
3C-37 IXX,X_XX
3E-43 SX.XXX

_-_8 SX.XX

_t-56 SX.XXXXX

65-72 IX.X_XX

BLANK
ATCM _A_E - C_NSISI5 _F TWC PARTS. THE

FIRST_ WHICH M_S1 hCT ENC iN a CIGII, I5
TME ATC_-TYPE NAME (SEE FCR_FX). T_C
REST _F T_E W_RCt _P TC k T_;AL _F SI_

CCLbMNS _Y BE NUMERIC I_ENTIFICATIC__F THE _A_.[CUL_H ATC_. THIS SECCflO P_flf
MUST.eE NUMerZC,  LANKS IGNCR O,

X FRACTICNAL C_CHCI_ATE (F8.O)
DECIMAL P_INT M_ST BE P_NCHEC IN _RCE_
TC SUPERCECE FCR_AT.

Y
Z
I_DIVICUAL ISCTROplC TEMPERATURE FACTCR,

_AY BE ZEROS _R BLANK IF APPLYING _ER-
_LL TEMPERA._REt F_CT_R r_R !F A SEPARATE
TEMPERATURE FACICR CARC IS _SE_ _IhCF
T_IS WCRC IS THEN IGNCREC,
IVl_A_ ATCM SCALE F_CTCR (F_.2). MUSTIhuE ZE_C_ _R BLANK T_ BE IGN_E.C,

SIANCAR_ CEVIATICN IN X (REQUIRED CMLY IF
REQ_IREC BY PrCGAA_ BEING USEC.)

SZAh_ARC CEVIATI¢_ IN Y.
STA_CARC CEVlATldh IN Z.

- ATCMIC PAR_METER CAHC EASEC CN GRin P_INIS.

FCRMAT!.6 (A6_IX_II_3FB*_FB*3_FS'2t3FB'SI_TCMG
7-72 SAME _S ATOM CA_C, W|TH AT_'[: C_CRCIhATE_

EXPRES_E_ AS GRI_ VALUES Farm FCU_IErMAPS A SXXXe_XX THE S_t _F
CARCS MUST EE PRECEDED BY A L_ACInG
GRIC CARC,

_TC_S - MCLEC_L_ SH_FI _AHCFCRMAT A6_ Fe. I
I- 6 CATCMS
7-1_ X_._XXaX

I5-22 XlI_XX_IX23-30 X_, X_X
31-72

CYCLES - N_PBER
FCRMAT

I- 6
7-

l_-16

15"19

2C-2_

2S-32

33-_0

_'72

X CIRECTIC]N _IFIV CIRECTI_N IFT
Z CIRECTICN SHIFT

( IGI_CREC )

CF ITER_llChS _hC CRITEREA
(A6el3m3F5 2_3FB,_)

CYCLE_
XX_ _AXI_UM NUMBER _F CYCLES {_ OH _LANK = 5)
X.X_X MAXIMUM ALLCWEQ VALUE _F R (DECIMAL FRACT)

(_ C_ BLANK - I G)
X.X_X _I_IM_M IMPRCVE_ _ANGE Ih RIC CCN[IhUE

CYC_IN_x._x REJEC ICN RATl_ FCR FC/FG LESS THAN I_IS
vALUE (C _R BLA_K - O.O01)

XXx.XX_X GRIC INTERVAL In x CIRECIICN FCR FIRST
CYCLE (THIS VAL_E IS R_C_CEQ C]N EACE
S_CCEECING CYCLE FCR _C_S WHICH A,E Ai
P_A_S)_ (C C_ QLA_K = 0.COl°CELL EDGE)

XXX,XX_X IfllTI_L GRIC INTERVAL F_W V OlRECTIUN
XXX.XX_X INITIAL GRI_ INTERVAL FCR Z CI_ECTI_N

FCRMA A6)
1- _ ENDSlI

7 t t_L_t_K
B-72 _I_Y LEG_IL P_NCI_II_G CESIRE[}_ CH 19LANKS.

b ..................



C. SUSR_UT|_ES FCR FCUR|E_ _EF|_E_E_T PROGRAM.

LI_K 5_C0 FC_IER _F[_E_NT PRGG_A_

7_

_j

FCREF

CCCR

ECCAL

P_CAL

SCh_

SFC_L

S_

TAELE

TI_E

XPFL_

FCLII:IlER REFINEtlEh[ FI_r..;CR,tt_ (LINK 5C(10)

GET AI'CI,t TYPE h_lWl_El_ FI_E_ .6TC]I_ ANC CIICTICI_AHY I_AI_E

FCLIRIER BLCJCK CALCUL_TER

FE,6_ CALCUL._ [C]H

FL_RTRAN FLC_T|hG PC|I_T S|I_E _h_ CC]S|NE RCL_T|t_E (_SC,_)

STHECTIJRE F=CTE_ CALCL_LAT(_t_

FCRTRAN FLI_TIhL; PCII_T 5_LJARE RCCT RE)L_T|I_E (_S_R)

GEi_ERATES TABLE CF 1RIG FI_I_Ctl(_I_S

RE_CS CLCCK AT _. CF _. (TIPEI_= T|I_CLe l_TC.t _Y _E SUI_STITI_TE_)

F(]RTRAN FL_ItTII, iG PCINI' t:XFChEI_TIAL FLt_CTI(_ ('_XPf--)

I



_e

e

A. CARC CQCER S_MAQ¥ FCR SPELL PATrERSCN PROGraM.

SHLPAT

-SCALE

_AC[_S

CALL][t_G CARC FCR PRCGRA,_

SCALE F _ELATIVE

GIVES _ R_C||_hC GRIC [_TERVAL5 CF SPHERe5. AS MAI_Y
R_C!!JS CARCS a_ £ES!,_'*_E _.,Av _E J_SEC,

END CARC_, SIGNALS E_C _F CATA A_O I_ITLATES CALC_LAT|C_o

I_P_T FRCH _hTAFE8" _r_c CL,TFUT Ch =_TAPECmo

_e

©

_e

_e

_e

3



2.55-_1
g/63 ....

e B. CARC FCR_ATS F_R SHELL P_TTERSCN'PRCGRA_.

e

CPE_ATICI_ CARES (CESCRIeE_ lh SECT 1,,e-At ANC CARD FORNAI_ ARE C[_E_
[IS SECT 2,G-C) MAY EE INSERTEC AT ANY PLACE CESIHEO BY THE USEH.

--- SI.LLPAI - C_LLINfi CAE_ FCR S_ELL PATTERSON PR_GRA_
FCRNAT (A6t2XA6 IX_iI 212 FIE 5)

1- 6 SHL_AT" ' t •
7

8-13
14

I 15-I'/)
IS

1

18-1g

2C-21

$

X

X
X

| ELA_K
CCHPIC - CC_PO_NC IOEh|IFICATtCN C_UE
ELA_

..ATICN CRieR H_1/121/131 IS (FIRSII/lSECCNCI/

IT IS VERY I_PCRIANT _HERE SPEE0 iS A
C_SI_ERATICN T_AT THE INDEX _ESIGNATE_
13) VARY LEAST RAPICLY A_O THE INDEX
_AHK.EC (l) VARY _CST FRECUE_TLY.

$X (C)/(I)/(2) FCR (PAIIEHSCfi F,_2.0tS_ARP.
PATIERS_N E_e2I_(SflAKP. PATIE_SC_ _ITH

O,[GI_ _,_C (E..2)-II AS C_EFFICIENTS$_ (C)/(1 ( SCALE _F (I.O)OISCALE)/
(RESCALE). REL_A_T C_L¥ FC_ F*_2.

X_XX.X_XXX SCALING CF R_S_LTS
(IG_CRECI

SCALE - SCALE CAR_ FEE F _EL_TIVE CATA.

FC_ATI. 6 (aGtF1C_I'I_IscAL

7-16 _XX_,XX_ SCALE FACTOR T_ APPLY IN F _EL _(FlO.4)
17-20 ISXX G_CUP I_ENTIFICAT|C_ (1-64) {l_)

A G_O_P IOENTI ,T _F Z_ _ILL APPLY
OVEraLL F-RE_ATIVE SCALE TO STOREC
V_L_ES _F SCALE FACTORS, SCALE CA_CS
LCACEC AFTER G_C_-ZER_ _ILL _CT _

" AFFECTEC.
21-72 ANY LEgaL F_C_IfiG CESIREC, CR _LANK_.

HACIt_S - SPECIFIES SIZE CF FaTTERSCf_ SI_ELL TC BE CALCt_LATFC.
FCRNAT (A6t2XICF6,C)

I- 6 RAEI_S
7 $

_-13 XXX_X.

l_-lg XXX_X.
2C-25 XX_XX.

6-3 t X_XXXo2-3 xxx_X.

36-43 XX_X.

_C-5_ X_X_.
56-6

68-72 $1lll

HLAhK
STA_TING VAL_E CF TEETA(1) IN _E(;RELS

(T_E E_ATCRIAL ANGLEr LCNGITUDE)
FINAL VAL_E OF THETA[[) IN _EGRE_S
GRIC INTERVAL FOH ECTH LCNGIT_CE ANt_

LATIT_CE I_ CEG_EES
FIRST RAOI_S (MUSt NGT BE ZER_ _R BLA_K)
SECCNC (AN_ S_BSE_E _)_ RACII IF CE_IREC

(FIRST BLA_K C_ ZERO _ARKS ENO)
T_I_C R_CI_S
FC_RT_ RAC[_S
FIFTH RACIUS
SIXTH RACIUS
SEVENTH RAOI_S
_LaNKS

EhC
- C C T (Ae)

I--_-- ENCIII
T I 8LAt_K

8-72 aNY LEGAL PL'I_CHIISG CESIRE[_t CR BLANKS.

eF



C. $_B@CUTINES FCR SHELL PA1TERSCh FRCGRAM,

2,55-C_ __

LINK SSCG SHELL PAT 1'ER SCN_P R(JGRA,4

_O

O

-O

_O

SHLF

REFLh

SCreW

SHELL PATTERSCfi FRCGRA_ (LIfiK

@EFLECTICh @EACIfiG $_ERCUTI_E

FCRTRAN FLCATIhG PC|NT SI_E A_C

F_ETRAN FLCATIhG POI_I SC_ARE

550C)

CCSIN_ _bIINE {qSCN)

RCOT _UTIhE (gS_R)

_O

_O

O__



_+/

2.613-AX

AO CARE _RCER S_RY FCH =SC_CLA= PRCGRA_.

ECNCLA

*CELL

eCELLSO

"GRIC

.SYMTRY

"ATC_G

,6CNC

tANGLE

,EL[_

*ETET

.ETER_

ENC

CALLING CARC FCR =8_CLA= PROGRam.

CELL CIMENS|CKS.

STJNCARC OEV|JTICN5 OF TEE CELL CIME_TSI_NS.

Feu.ZEm +.IC CA.C.

SYmmETRy ePERJTJ_ cJme. FeRMAT LIKE TmaT ReCUIHEO Fem eATA

_TCM PaR_HETER CARCS I_ F_qACT|OfiAL CCC_CI_ATES.

_TC_ PAR_ETE_ CARCS Ih FC_RIER GRIC C_RCINAT_S.

CALCULATE _ SFECIFIEC =SCNC= _[STJ_CE.

CALCULATE A SFECIFIEC =EEOC= A_GLE.

GENEHATE A LI_E_ELY-_CEC =EY_RCG_N= _T_.

GEnERaTE A TWIGE_ALLY-EChCEC =BYCRGGE_= _TC_.

GENERATE T_C 1ETHAEEC_ALLY-BCNCEC =E¥_EGE_= _T_S.

GEnERaTE THREE TERE|N_L TET+R_HECR_LL_-B_N_EC =_YCR_GEN= AT_M_

ENC C_RO TC IN|TI_TE C_LC_L_T[GN.

'. INCIC_'I'E5 ClPTXCNAL C_ECS,

_OTE X - T_E CARC _RCER FAS fi_ RESTRICTIONS _[TE TEE VAR|_G _PTIC_L

Ck_CS EXCEPT _IT_ T_E _ESTRICT[_S _F _CTES 2 _P_ 3.

NCTE 2 - A =GrIO= C_RD I_L_ST PRECEi_E _lV =ATC]I_G= CARCS (IF U:SEL_) UhL_-_S

il =GRIC= CARD h_lS EEE_ REAC BY A PREVIEWS PRCJGRAM AND IMPUT

CATA IS BEING I_KEI_ FWCIW TEE BINARY REFLECII_JN TAPE,,

N_TE 3 - TEE PRESENCE CF TEE =CELLs CARC IMMECI_TELY FCLL_VING TEL

=EC_CL== C_RC PRECLUCES TEE REdCIfiG _F TEE BI_RY REFLECT[_

T_PE.

REACS =NT_PEB= IF CAIJ T_KEN FRCM REFLECT|CN TAPE .....

i

i



• 2.6C-_1

B. CARD FCR_ATS FCR =EChCLA= P_GGRAH.

:O

17

;!!•

, 0

BCNCLA " CALLING CARC FCR =EChCLA" PRCGRAM ILIhK _COOI.
FCXMAT (A6tlX,_6 3(IXI_I,3F6.21

I- 6 8C_C _LA
7 $ 8LANK

CELL

8-13 CC_P|C, CCMPC_ [OENT|FICATI_N C_QE.
• 14-1S SX iS*_NK)/(I) FCR (CC NCT)/(EO) CALCUL_IE

• ;[NTRAM_LEC_LAR= CISTANCES.
16-11 $X (_LANK)/(I) FOR (C_ _OT)l(_| CALCULATE

=INTRAMCLEC_LAM= ANGLES. (tGN_EO iF ..........

18-1_ SX I_LANK)/(I) FOR IE_ NCT)/(C_) CALC_LA|E
=[NTER_CLEC_LAR- CIST_NCE$

_C-2S X_,XX _INI_ ,SIGNIFICant- _IST_C_ TO 8E
P_IhTEC.

2_'_i XXX.XX _XI_M -$[GNIFIC_[- C[SIA_CE T_ eE
PR[_TEC.

]2-37 - X_X, XX-TEMPE_T_RE F_C[C_ ;C BE PLACEC _ GE_R_-
TEC ATOMS (IF ANV) ELA_K _H ZER_ _ILL
C_USE TEMPE_A[_RE FACTG_ OF BGNCEC
=HE_VYm ATGM TC B_ _$E_,

...._3E-72 ELAhK5

- CE_! _CNST,NT C,RC.FCR A (A6_IX|t_3F6.3_3Fg._tFT._)l 6 ELLft
7 S _LANK

8-13
14-21

_7-55
S6-64
65-71

CC_PIC, CCHPO_NC ICENTIFICATI_N CCCE,
,AA,.,A, _ CELL _I_ENSIC_ (FS.],
,A_,.AAA 8 CE,_ CI_E,SICN (FS._)
SAAA._ C CELL CINENS Ol N (F6,])
S_A,_JAA_ CCS ALPha (Fg,5|
SeA,_AA_ CCS _EtA (FQ.5)

IA_A_. FIC.OtG) (FT,C)

aa ae

CELL$C " STA_CARO CEVIATI_N_ CF CELL CI_ENSI_S.
FCRMAT (A6alXt_6_FS,_3Fg,S)

L- 6 CELLSC

7 , _ANK_PIC, CCMPCCN_ tCE_TIF_C_TI_ C_C_.6-1_ SIA_CARC CE_[ATIQ_ _F =A- AXIAL LEngTH,
STANC_RC CEVIATI_ _F =8- AXIAL LENGTh,
STANC_RC CEVI_TIUN _F =C= AXIAL LENGTh.
SlAm,ARC CEVI_TI_h _F C_S ALPHA.
STANCARC CEVIATI_h CF COS BETA.
STA_CARC CEVIATIGE _F C_S GAMMA.

65"72 BLA_KS

GRIC " FC_RIER GRIO C_RC.

I RICS4
? $ _LANK'"

e-Z3 CC_PIc, CCMPC_NO _CE_IFICAT[C_ CCBE.

AXIAL CIRECTX N.
18-21

0

I

ii O

!/

O

SXXX GRIC INTERVAL_ ALCNG V AXIAL CIRECTIC_
SXXX _IC I t_TERVeLS _CC_C L' e_x_ Ct_ECTLCh ---
_NY LEGAL P_NCI_ING CESIRE_ CR _LANKS.

I I ill El I I II I i i ,,, ' '



o

O

_L

j

70
;j /

2.6C-B_

SYM1RV- SYMMETRYGPE ArXCNCARO.
_ SYMMETRY I]F Tt, E SPACE Gf_CUP IS |NC|CAIED t_¥ St_PPLYING THEOF GEI_ERAL E_IV_LEI_T PCSITIONS. EACH E(_UIVALENT P_]SIT[_,_
Is SPECZFIEO A SEPARATeSYP,TRY CARe.

A S|_FLE R_LE [S THAT ANY GENEt_AL EC_UTVALENT PUSI[ICt_
IN THE INTERfiATXCfiAL TABLES MAY BE _t_lTTEN VEHBATIN WITH TH__
FC_LLCWING COI_VEI_T|C_I_S_ (1) MINUS SIGNS PHECECE THE _EGATIVE
GUANTITYt E._. -X FCi,I X-B/IRo (2) FkACIIC]NS aRE W_tTTEN W|fH .......

NcTH .SLA I_R -X+1/2 ARE BC;TE ACCEPTABLE FORi_ATS.
XAh EX._/_PLE SP_CE GRCL_P C2II_ CC]ULC HAVe THE

FCLLI_WING FCL_R CAi_CS.
SYMTRY X_ V_ Z

MTRY X' 1/2. "V " )_2. Z
YMTRYv_TR¥ X e |/2o V + I , Z

ATCI _ - ATCN PARAMETER C_RC
FORMAT (A6 !XoA_o3Fa._oF6.3,F_e2o3FE.S)

e-[_ _TO_ _A_E - C_NSI_TS _F TWa PARTS. TH_
IRS_| W_ICH M_ST NOT ENC lh _ CIGIT_ IS• HE ..CM-TYPE N_PE (SEE FCRPFX), THE

RE_T CF THE W_C, _P TC A T_iA_ _F SiX

I_-21 SXX.XXXX X FRACTICfiAL C_CHCI_TE (FB._) .......

TO SUPEHCECE FCH_AT.
22-29 SXXo_XX Y
3C-37 $XX,X_X Z
38"43 IX,XXX INDIVIOUAL ISCTROPIC TEMPERATURE FACTGK,

M_Y BE ZERCS OR BLANK IF APPLYING _VCR"
ALL TEMPERatURE FACTOR GR IF A SEPAHATE
TEMPERATURE FAC1C_ CARC IS _SED, SINCE
T_IS WCRC I$ THEN IGN_REC

¢¢-qE SX._X I_CIVIOUAL ATOM SCALE FACICR IFp.2). MUST
BE ZERCS OR ELAhK I0 BE IGNCRED.

6g-56 $X.XXXXX ST_NCARC CEVIAIION IN X (WEQU|H_O _NLY IF
RECk[RED BY PROGRA_ BEING U_ED.)

57-64 SX.XXXXX SIANCARC CEVlAtl_h Ih Y.
65-72 IX,XXXXX STAhCARC CEvIATICh IN Z,

ATC_G - ATCMIC PARAMETER CARC EASEC ON GRIC PCIhTS.
IX_AE_3FB,kzF6,3_FS,2t3F8,S)

FCRMATI (A6_TC_GI

MAVS, AS SXXX,XXX. THE SET UF AI_HG
CARES M_ST EE PHECECEO BY A LEA_I_G
GR IC CARC.

BONC - CaLCULaTE _ SPECIFIEC -BC_C- CISTA_CE.
FCRMAi (a6,2ll_AE))

1- 6 EChC_$
7 S _LA_K

E-13 _TCe IC FCR FIRST ATOM.
16 $ _LA_K

1fl-2C ATCM IC FCR BCNDEC ATOM
21-72 _LA_KS



2,6C-63
9tE3 ........

ANGLE

HLI_

©

_Q HTRIG

PZ

C;
0

_o0

e

- CALCULATE _ SPECIF|EC =BOND= A_GLE.
FORMAT (A6e4(lX•A6I)

1- 6 AEGLE$
7 $ ELANK

8-13 ATGN ID FCR FIRST _CNDED ATOM
1_ $ _LANK

19-20 ATOM ID FOR SEC_NC BONDED ATOM
21 $ BLA_K

22-27 ATOM IO CF THIRD EC_CEC ATOM
28 $ BLANK

g-34 ATOM ID CF FCURTH BUNOED ATOM
_-72 eLAhKS

THE ANGLE CALCbLATEO IS THAT EeTWEErq THE LIN_S
DEF|NEC BY AI-J_ AND A3-A4. AI A_C A3 MAY BE
-tCENTt{AL TC GIVE =USUAL= E_NC ANGLE s,

- E EAate A LIe_E,tRL_ eCNCEC -HYDROGEN= _IOM,
GFCR_MAT (Afi,2(IX.A6); ,F6.3,8X IX,A6 )

1- 6 I_L Ibis
S BLANK"7

8-13
14

15-20

7.1-27
_8-3* SXX,XX,N

35 S
36-41

42-72

_TCM I_ CF FIHST DEFINING AIGM
BLANK
AICV IC _F SECOND DEFINING AIUN TC WHICi._

=HYDROGEN= IS TE _E =8CNCE_=,
8LANKS
C|SIANCE OF =HYDRCGEM= FROM SECOND _EFI_-

ING ATOM (FAY BE _EGATIVE, _oG.- FO_ The
HYCRGGEM-BC_ C_SE). ZERO ER ELANK WILL
USE 1.075 AhGSIRO_ _ITS,

_LAhK
_T_M ID FOR GENER_IEC =HYDROGEN = ATOMS,

BLA_K GIVES SERIALIZED IDENTIFICATION,
BLANKS,

- GENERATE A TRIG_hALLY-BCNDED =HYDROGEN= ATOM,

FC_AT (A6,lllXtA6I,IXtF6.],IX,A6)6 HIR1G$

IB-2O

28 S
2g-34 XX,_(XX

35 $
36-41

q2-72

_TC_ IC CF FINST _IC_ DEFINING _CNC
_LAMK

ATO_ I0 _F SEC_ Ai_ DEFI_I_G _ATO_ Tfl WHICH HYDROGEN= IS AT E EC,
ELANK
_TCM I_ CF THIR_ _ICM CEF|_IN_; BU_C.
ELANK
BCNCI_G DISTANCE, ZERD UR BLANK WILL _SE

I.CT_ AMGSTR_M _[T,
BLANK
_TflM [C FflR GENERATED =HYDRO]DEN= ATEM5°

BLANK GIVES SERIALIZED IDENTIFICATION,
BLAMKS°

L e .......



0

-i0

_F

Z

0

C

_i •

'0

HTET

HTER_

ENC

- GENERATE T_C TEIrA_ECRALL_*BCNCEO =HYGECGEN= AICMS.
FCEMATI.6 IA6t3_I_TE_$$A6ItIX,F6 3,2(XX,A6I)

7 $
B-13

l_ $-
B-13

I_-20

21 $
22-21

28 $
2_-3_ XX._XX

_LANK
ATCM IC CF FIHST ATOM _EFINING BC_
8LA_K
_IO_ IC IF TERMINAL ATCM IC WHICH THE

THREE =HYDRCO_= AIC_S _RE BC_CEO_ ............
ATC_ IOI_F SE_NC AT'C_ UEFINIAG BCN_, A_CATU_ W_I H =_¥_R_GENS= A_E ATTAC_EO, _
BLANK
ATE_ I0 CF THIRD _TC_ CEFINING _ONC.
_L_K
BCNCI_G _ISTANCE, Z_R_ _R BLA_K wILL _SE

1.075 ANGSTRCM _ITS,
BLA_K

'°AT_. LANK S SERIALIZED IOENT
BLANK
_TCM IO FCR SEC_NC GENER_TE_ =HYCRCGE_=

ATCM. BLANK GIVES SERIALIZ_C [CENT,
BLANKS.

- GENERATE THREE TERFI_L TETRAEECRALLY-BCNCE_ =hYOREGE_= ATCMS,
_6 IX,F_._ 3(IX,A6))

7 $ _LAN_
8-L3 ATCM IC _F FIRST ATC_ CEFI_ING TETHAHECRAL

CFAIN FCR ORIENTATION EF =HYO_(]GEN=S,
16 $ B_ANK

I_-2C ATOM t0 OF SECCNC AICM DEFI_I_G TET_A_EC-
R_L CHAIN FCR CRIE_TATICN OF =HYCR_CEN=$

2_ $ _LANK
22-27 _lO_ IC CF TEIRC dIEM CEFINING TET_A_E_-

RAL CHAIN, AND 1G _H[CH T_E =HYCRUG_S=
ARE ATTACHEC. TEE FIRSI _HYC,_CGE_= IS
CE_ERATEC FRCM 1_ SAME VECI_R SENSE AS
ATCMS ! (CCL _-13! - 2 (COL [_-2_).

---- CH_-IN, ANO T_ WhiCH THE =HY_RuGE_ AR_
ATI_CHEC, TH_ FIRS[-HYCR_GEN= GE_ERATE_
FRG_ THE SANE VECI_R SENSE _S ATOMS
I (CCL B-13I AN_ 2 (C_L |_-20).

2B $ 8LANK
2g-3_ XX,_XW 8CNCIKG DISTdNCE. Z{IRG UR OLAhK _ILL bSC

I.C]5 A_GSTRQM _NITS,
35 $ 8LA_K

3_-6t ATOM-t_ FCR FIRST GENERATEC =HYE_R_G_:N=-
ATCM, BLANK GIVES SERIaLIZ_ I_E_T.

_2 $ BLAhK
_]-_B ATC_ IC F_R SECONC GENERATE_ =HYC_CGEN=

ATCM. BLANK GI_ES SERIALIZEC ICE_T.
kg $ ELAhK

5C-55 _ICM IC FCR TH|_C G_NERATEB =HYDRCGEN=
ATC_, BLANK GIVES SERIALIZLC ICENT,

_-72 BLANKS.

T 6I
1- 6 ENCIII

7 | OLA_K
E-72 ANY LEGAL P_NC_I_G CESIREC, CH BLANKS.



• 2.6C-C!

C, S_RO_TINES F_R =BChCLA= PRCGNAM=

L [_K eCCC EONC LENgThS ANC ANGLES PR_GRA_

_e
Z_

_e

_e

_e

BCNCLA

LSACS

BJNCL

BCISI

BCCI5

BC_SEK

SLIUV

SLCbW

SQRUW

SYNTR3

PRCGRAM FCR CALCbLAIICfi CF eCNC LENGTHS ANC ANGLES |LINK (10001

ARCCCSINE HCUTIhE,

CCMBUTE BCNC AhGL_S,

CCMFUTE BENC DISIANCES,

C_MPUTE THE STAhCAR[ CEVIATICNS CF THE EC_C C|STA_CLS,

eC_C SEEKING PRGGHAF,

F_RTRAN SHCRI LIST |NPbT

FCRTHA_ SMGRT LLST C_IP_T

FCRTRAN FLC_TI_G _CINT SQUARE RCCT W_UTIkE

I_IERPRET SYM_EIWY C_RC

(_S_R)

(GENERAL EXPRESSIEN)

e

;/0

=

0
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_0

G

IHESE C_RCS _RE NCT _LWIYS MECUIHE_

• ".." REACS =NTAPEE= .....

'_0

0

0

Q



7

:_O
:1/

C;

_O

;G

8. CARC FCRMATS FCR SVS1EM =CRFFE=

CI:ERATICN CARCS (CESCR|BEE IN SECT 1.C-A, ANC CARC FOHM,AT5 ARE GlVE_
ll_ SECT 2.0-C) NAY BE ItWSERTEC AT ANY PLeCE CES[REC 8V THE USER.

CRFFE - CALLING CARC FCR ELSING-_ART[N-LEVV F_CT[CN A_C E_OR
FGR_AT(A6,IXte_ _13)

1- 6 CRFF_I
7 S BLANK

8-13 CC_PIC - CCMPC_N_ ICENTIFICeTIU_ CCCE
1_-16 SSX C - aLL INFCRM_TI_ T_ BE REaO FRCM

CaRCS.
I = REFLECTICN TJPE TC BE _EA_.
2 - ERaSeS TC _E ESTI_ATEC FHC_ _1_XX

CN -CRFLS= C_TP_T REFLECI|GN TAPE.
17-19 $$_ (CL_hK)/(I) FCR (_SE)/(|G_CRE! a[C_

PARAMETERS Ch REFLECT[_N TAP_.

 per )z).s cn " s (Z EnTZT _ATR[X S ALWAYS [G_CREC)
23-72 LGNOrEC

CELL - CELL CCNST_NT C_RC,

FCRMAll.6 (A6_,,6,3FE.3,3Fg.5,FT.C)Lj|
? $ ELA_K

8-13 SIX CCL_MNS CF HCLLERITH PU_iC_|_tG _R
BL_fiKS TC IUEfiTIFY CC_PCU(_. M[N_S ZERC
l-C) CR ZERO I_) AS A LE_C]_GjSYM_L IS
NCT aLLCNEC, rV|$ iCENTiFIC_TIO_ iS
C_ECKEC BY _AR[C_S PR_G_e_S F_
CCNST_NCY, $_ CECC$E C_REFULLY _h_
REMEREER YC_R CE_[CEo (AEl

i F8.3)1_-21 ShA_._A_ a CELL C]MENS|CN
a2-29 $*_._J 8 CELL OiMEnSZen {Fe.3)

7"_S $*A._ _ T_ (F_._)_6-64 $+A._A_ C G_NM_ lFg,5)
65-71 Skated. F(O,O,O) (F7.C)

CELL$C " ST_NCaRC CEVI_TION5 CF CEIl CIMENSIONS,
FCRNAT (A6,XXma_,3FE.3,3Fg.S)

1" _ CELLS_
8-L3

1_-21 SAAa,A_

38-46 i+A,_dA_

65-72

CELLNX - VAR[AHCE-CC9AEI_C
_|_UE ELEMENTS _F
FCR_IT(A6,XXt_6t|2l 6 CELL_X

_-13
I_-15 tX

_-31 XXXX,XX_X XXXXX_
_-_7 xl_xxxX_

56-63 xx_xxxx_
6_-7t XXXXXXX_

72

AhK_PlC CC_PO_O [CENTIFICAT[_ CODE,
STANC_C CEVI_TIC_ CF -_= _XI_L LEN_T_.
STA_O_RC CEVI_TICh LF =E= AXIAL LENGTh.
51ANC_RC CEVl4Tl_ CF =C= aXIAL LEN_T_.
STAfiC_RC CEVIATXC_ CF CCS aLPha.
STA_CARC CEV[_T|Cfi _F CCS BET_,
STA_C_RC CEVIATIC_ _F C_S GAMMA.
ELA_KS

E _ATRIX OF CELL CI_EhSIC_ ERRCR_ - THE 21
T_E 6X6 MATRIX ARE _EAC FRE_ 3 LA_S.

mTF8.C)

ANK_NPIC - CCHPC_C ICE_TIFIC_T[_ CCCE
C_HC NLMEER - le 2 _ 3

CArC I C_RC 2

aMId,B) A_(8,CCS A)

_MIA,C) A_(_,CCS g)_I'AtCCS A) _( ,CC$ G)
_M(_,CCS B) A_(CoC)
A_(_,CCS G) A_{CoCCS A.)

IG_C_EC

C_O 3
AMIC,C_S G)
AN{COS _,CCS _I
AMICOS _,CC_ 81
AM(CCIS A,C_5 C}
AMIC_S B,CCS O)
AMICe5 B,C_S G)
AMiCOs G,CC_ G)
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aTCk -ATCN PARAMETER CARE.
FGR_AT (A6,1Xt]FE.k_F6°3,FS°2,3F8.5)

1- 6 ATCMSJ
7 $

B-13

14-21 SXX.X_XX

22-29 SXX.XXXX
3C-)7 _XX°XXXX
38-43 SX.XX_

++-+6

6 2 _X.XXXXX

4164
¢

ELANK
CONS[S]5 OF TWC PARIS. tHE

FI_..ST _HICH _USI nCT F_C I_ A DIG|I, ISTHE A_O_ TYPE NAmE (SEE F_RMF×). THE
RESI CF THE WORE, _P T_ A T_TAL OF S|X
C_LLMNS, MAY BE _UNERIC IDE_T[FICATI_
OF THE PARTIC_LAH AICM. THIS SEC_C PART
M_ST BE NUMERIC, OLANKS ARE IG_CR_.

FRACTIONAL C_RCINATE IP+;+) .........
CECIMA_ PCINI MUST PE P_MCHED In _R_ER
TE SUP_RCECE FGR_AT.

Y

_h_IVI_AL ISCTR_PIC TEMPERATURE FACTOR.
MAY e E ZERC$ UR BLANK IF APPLYING E_ER- I

TE_ _ IF A SE_ATE /PERAIURE FACTOR

IhCIVIC_AL AT[H SCALEFACT (F5.21. _USTBE ZERCS _R BL_fiK ' BE IGNCREO°
SIANCAR_ CEVIATICfi IN X (R_GUIREC CXLY IF

RE{_IREO BY PROGRAM BEING USEU.)
$TANCARC CEVIATIOfi IN Y.
ST_NCARC CEVI_TtU_ IN Z.

ATCMG - ATOMIC PARAMETER CAHC BASEC On GRIG POINTS.
FORMAT (A6_IX_3FB,4,FB,3,FS,263FB,S)

l- 6 _TC_G|
_-72 S_ME AS ATOM CARE WITH AICMI_ CC_RD[nATE_

EXPRESSEC AS GRIC VALUES FRCM FOURIER
M_PS AS SXWX.XX_, THE SET CF AlOnG
CARES MUST BE PRECE_E_ BY A LEACING
GRIC CARC,

- I$CTRCPIC TENPECATkRE FACTOR CARE.
FORMAT (Ae IX A_,F@,k)

sslS BLANK
8-[ CCMP|C IF OVERALL |EMPERATURE FACTC_.
8-[3 NAMEAT IF INO|¥IOEAL TEMPERATURE FACTOR.

z_-2z sxx.xxxx e
22-61 _ST BE BL4NK,
62-72 JNY LEGAL P_fiCHING CESIREC_ CR BLANKS.

- ANISQTROPIC TEMPEfiAT_RE FACTOR CARE, IN F_TRA_ _CTA{|C_
8"(Pl"'2l'_(l_J)'BlI,J)

FORMAT (A6 IX_BF8,_)
l- 6 _lJll$

_LAfiK
NAMEAT,

IXX,XXNX BII (F8°_)

SXXL'X_XX B_IXX,_XX E3
_XX.XX_X BI2

SXX.XXXX B23

7 1

B

BIJ

+e uzJ

e-13
1"_-21
22-29
3(]-37
36-_'t
_6-53
S*,-6 1

2-72

BETA

ANY LEGAL PbNCHING CESIREO, CH BLANKS.

_CE O WT_ Z RUICKSH_NK, ACTA CRYST,e+VCL _ 747-_58 (1_56).

7-61 FCRFII IEEkTICAL WITN BIJ CARE.
62"72 _NY LEGAL PU_CHING OESIREO_ CR BLANKS,

- ANISGTRCPIC TEMPERATURE FACTOR CARC, IN FCRTRA_ NGIATI_N

"(PI_.2_.ASTARIII.ASTARIJI_II_JI=BETAII_J)FCR_AT IA6_lX,l_,6 6,41

6 FORMAT ICENTICAL WITH BlJ CAHC
62-72 _NV LEGAL P_NC_IN_ OESIREO, CR _LANKS.
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C,

Z

FUNCTN - FUNCTICN SPECIFICAIICN CARE (SEE FQLLOkI_G SECTIONS F_R
SPECIFIC FUfiC1[_hS)

FC""ATtA6'IX' II 'I2)Z-6 FUNc
7 $ BLANK

B-T0 XXX F_NCTIEfl NUMBER
II-?0 F_CTICN SPECIFICAIIU_ INTEGERS IN IHREE

COLUmn FIELDS (2C FIELDS)
16-72 $X (BLAnK)I(I) FGR IFE_CTICN SPECIFICATICN

cC_PLETEI/(CCNTIh_ATION CARD F_LLC_St

FUnCTN - [_NCTICN CCNTI_ATICN CARD - UP TD lO ALLCWEC PEr Functlon
F_ RMAT(A6t|Xt2

$ _LANK
8-70 FCfiCTI_N SPECIFICATICN INTEGER3 IN THREE

CCL_M_ FIELCS (21 FIELDS)
71-72 $X

EnD

(B_nK)I_I FCR (FUNCTION SPEC_FICATI(Jh
FI_LLCWS)

- EI_C CARD
FC_T IA6 I

1- 6 ENCII$
7 $ BLANK

8-72 iGnCREC

ATCM DESIGNATION AND SYMMETRY TR_nSF_rMATICNS

In THE C_URSE CF F_{P_ING AN INSTRUCTION CARC TO _PECIFY A FU_CIICN TC
BE CCMPUTEC IT WILL BE fi CE_S_RY TG DEFINE THE DME CR _CRE ATOMS I_VCLVEO INTHIS F_NCTICN. THIS IS _N BY MEANS OF AN ATC_ _ESIGNATI_ C_nS:StInG OF

THEtwCINTE   SA  C C,S.H ReA - IStHE
THE ATCM In PARAMETER LIST S - O,c| _ _t i'* lS THE NtJMbER _F THE SYMME-TRY TRAnSFCRNATICN TO BE APPLIED, AND , , ..... 7 _EF|NCS T_E _ilI CELL
TRANSLATIONS AS DESCRIBED BELCW,

I_E PRoGRaM DetaIns tl_ CGC:RCInATES UF An AT_;M In the F_LLcWING _A_.
Z. THE INTEGer A Is uS 0 t{_ CoMpuTE t_ LI_CATICN [IF THe: co_rDinArEs InTHE PARAIWETER LIS ANO X_ Y= Z ARE PICKED . IF A = 0 THE PRLJ(3RAM SETS

X ='V = Z - O.

2. THESE _C(]RCIN_TES _RE THEN TRANSF(3RNED TC X* Y' Z _ ACC{_R(]I_G TOTHE SYMMETRY IN (]RMAT|CN S. IF S .- C NC TI4ANSFDRt_ATI_N I-_ MACE.
3. TEE CELL TRANSLATICNS ARE THEN MADE ACCCRCtNG TC TrIE FC]LLOi, iNG TABLE,

C Z** 1'* X _'

Z' I' X °
1 Z* 1* X' - 1

o _' " X' - 1
• ; ,,

6 Z ° " 1 _' " 1 X'
_O 7 Z* - I Y'- l Z' - 1

F_R
)

'_O EXAMPLE. ATOM (_,ZCE) IS ATDM ] IN THE PARAMETER LIST TRANSFORMED TO
SYMMETRY P_SItiCfi 8 aF CELL 2, WHILE ATCM IS.O) IS ATOM 5 JUST AS If APPEARS-'
I_ THE LISI_F PARAMETERS. In THE SCBSECUENTSECT|C_ WE WILL USE THE TERN

MELECLUE IN a NCN-rI_CRCUS WAY, REFERRIN6 TC At_ _ In _ECULE _Ce or _
"_O 5 I_ THE B_SIC MCLECULE (MCLECULE e7.

NCTE T_AT TRANSFORMATIONS SUCH-AS _' =-_ A_C _' : l-X _RE _r E_UAVALFNT

FCR PURPOSES GF THIS PflC_MAP, ....... _ - -- _--'"- ........::
Tile FREGRA_ DETAINS TVE MATRIX _F THE ANISETROPIC TEF,P=RAT_RE FACTOR CQ-

_/iO ...... EFFI¢IENT$ CF AN ATOM IN A _I_ILAR WAY_EXCEPT TE_T THF._ELE_E_T$ CF THIS MATRI]_RE TR_NSFCRMEC A$-__RRESFL'rfi0iNG PRCOUCT$ _F THE C_CRDihA¥ES, iHI$ PR_- -
CECERE IS tALIQ FOR AN _I_M |_ EITNER A SPECIAL _R G_EWAL PCS|T|_N. PREVIOEC

.... THat .T_E $_-MJ,LETIa_YTIL4NSF_R_AtION S IS W#_TTEN-FCR A _NERAL POSITION. [SEE &
a. LEVY. ACTA CRVSt. g,e_S {I_56). THE TRANSLAIIONAL PART CF THE SYMMETRY

TRANSFeRMATICN iS IRRELEIAN1 I_ THIS CASE AS IS T_E CELL TRANSLATIC_ C.SEITI_G A At ZERC C=USES A hULL MATRIX TO BE GEhErATEC. .......

i li I I I ,, __



....... 2.61"06
,j*164 -=

e

!•

LL" e

CE1A-I-i.S:CF IN._/TRucTIGN INPUT

EACI_ FIJhCTICN TC BE CC_FIdTEO BY THE PROGI_AM IS SPECIFIED B-Y--k--._E_ia_-
INTEGERSt II_t WH|CH ARE REa_ FRCM _hE GR M(_HE [l_STHbCTlt_N CARDS,,, TEE F|_ST
INTEger in THIS SEQUENCE. Ih([), DEFINES Tl_ TYPE _F FUNCTION TO DE CCMPUTEC|,
ANC TEE INTREPRETATION CF TI.E _ENA[NING INS.RIJCTII3N INTEGERS BILL IN GE_ER-/IE-=
BE DIFFERENT FGR OIFFERENT TYPES C_F FUNCTICNS. DETAILS CF TEL! [NSTH_CT|GN
INTEGERS FCR EACH TYPE CF F_NCTIOi_ ARE GIVEN UELL;_.

EaC_ INSTRIJCT ICN CARD IS EAC WITH FCRMAT (A6,1X_ 2113, 12), GF Tt_E 22
ll_E_Flk$l 21 A_E CtJNS|CEREO 1C BE f*_f(T Ol'_-THt:--tf_ -_INTEGERS _ THIS C_flC QiNLY

STRLJCTICN. IN. USLJ,LLY Ct_E C,RD WILL StJFFICt_FTCE|N SPEC|F¥1_NA FL_hCI|f_N. _L_] IF A
UNCTICN_ REQUIRES MCRE ThAN 21 INTEGERS TC C E IT TH UP 10 _EN CAHCS I_YE I_ EC WITI_ 21 INTEGERS CN E,ZC_ CARC. PUNCI_ING A CNE ([Jr /_V NCI_-ZER_ INTEGE
N FIELD 22 OF aN II_STRI_CTICN CeRC |NCICATES TH_I ]l_E INSTHUCII_N IS CL_h-

.!NL,'EO r.t,N T_E NEXT CARl;.

FI_NCT IC_ 1
£I,i_ _ II I_ TE_ ATt_U tt" nu|_la_rr

CCL_S

I- _ FUNCTN$
8-10 1

11-13 _(i)
14-16 100 C(I) + Sill
17-19 A(2)
2C-22 I00 C(2) + S(_)

_TC_ CE_IGNaTICN 1.

_TC_ CESIGN_TI_N 2.

F_CTICN I01
ALL DISTANCES (LESS I_E_ _(_AX)) BETWEEN ATC_S IN TW_ _CLECbL_5.

C_LE_NS
I- 6

7

II-13
14-lT-I 6
20-22

23-2_23-2

FUNCTN
$

_IMAX) T_E h_eER CF _TC_S IN T_ PAR_PETER L[_T.
ZOO C([) + SlI) M_LECULE OESIGNaTIC_ I.
15S
lO0 C(2) + S(_) ,GLECULE OESIG_ATIC_ 2. (PaY _E TEE S_NE eS 1.)
T_E INTEGER IC C(M_X). IF THIS 15 LEFT _LAhK, T_EN Dl_eX) = 5
TME INTEGER l_ D(MAX). IF T_ZS IS LEFt BLAn_, o(_ax) = _.o _NGSTR

FUNCTICN _Ol
_LL DiStAnCES (LESS t_n c(_Ax)) BETWEEN AICMS In THE BASIC MOLECULE _hO

A_zz MCLECULES (i.E 'k[La GISI_NCES IN T_E CRYSTAL W_ICH _RET LESS THA_ C(MAX).N ESS_R[LY C_MPUTE LL CC_BINAT|_S _F C ANOS). NOI_ HAl THIS DOES _OT
CCL_NNS

t- 6 _unctn
_-IC 201

ll-lJ _(MAX), THE h_NEER CF ATONS I_ T_ PAR_MEIE_ LI_T.
14-_2 $$$SS$$S$
23-2_ THE INTEGER IC CI_AX). IF T_IS IS LEFT BLA_K, _(N_X) = 4.0 ANGST_



2odII-._5
5864 .....

FU_CTICh 2
A_GLE CEFIhEO ey TH_E ATCMS.

CCLUMNS

l- _ FUnCTNs
@-IG $S2

11-16 _TQM CE$1GNATICN I,
1T-_2 ATCM CESIGNATICN 2 (VERT[X)°
23-26 ATCM CESIGNJTIC_ 3.
FUfiCTICN 3

ANGLk BETWEEN NQRPALS 1C PLA_ES EACH
OF THE _GRMALS IS THAT CF (1-2)X(i.3) AfiO
IS THE VECTCR CEFINEC eV ATC_ CESIG_ATICNS
CCL_S

1- _ FUNCTN$
6-10 t53

11-16 AT_N CEStGNATtT_N I. e. "
17-22 ATOM_. CES|GNAtI_fi 2. "" ++ r_.,,_n''"e l

2g'34 ATCM CESIGN_TICN 4. ,.
35-6C ATCM CESIGNAT|_N 5. ,, PLANE 2
61-_6 ATOM CESIGNATICN 6, _"

FUhCT ICh
CIFFERENCE BETWEEN TWC -It_IERATCMIC OISTANCES.

C_LUMhS
I- 6 F_CTN

7 S
8-I0 5S4

17-22 ATOM CESIGNATI_ ,,, CISTANCE I
23-2_ ATC_ CESIGfiATIC_ 3. ""
Zg-3_ ATOM CEStGNaTI_ _. "'' _ISTANCE 2

CEFINEC l_y THREE ATOMS. THE CiRECTI

1 C 2, _TC.
I

FUhCTICN 5
CIFFEHEMCE BETWEEN TWC ANGLES EACH CEFINEC OV THREE ATOMS.

CCLUMhS
I- 6 FUNCT_

7 S

17-g2 ATOM CESIGNAI|C_ 2 (VERTEX). -. AhGLE 1
23-28 ATOM CESIGNAI|_N 3. ,,
2g-3_ ATCM CESIGhATIC_ 4. ..
35-40 ATOM CESIGN_TICN 5 {VE_TEXI, -. A_GLE 2
41-46 ATOM CESIGNAIION 6. ,-

F_hCI[_
ThE SUM _F SEVERAL ANGLES EACH 0EFINED BY TH_EE AT_PS.

CCLUM_S
L- _ ' FUNCTN

7
8-1_ $$6

I .......4-1g I, e.

0-25 ATeM OESI_NATICE 2 (_ERTEX). ,, A_CI.E t6-31 aT_ CESIGNATICN 3. ..
32-3T _t_N _ESIGNAI|ON 4. ,,
3 8-4_ ATCM CESIGhATI_ 5 (VERTEX). ,, AhGLE 2
44-49 ATC_ _ESIGNATI_fi _. ,,

ETC.
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FIJNCTICN 1
TEE R_5 CCt_PC]NENT CF Tt_ERt_AL EiSPLACEI_EtWT CF C_C ATCM ALCJNG PRINCIPAL

IXI$ R.
CCLU_NS
I- 6

1
8-1G

II-16
17-I_

FUNCTN
$
I$7
ATOM CESIGNAT|QN

(" It 2 OR ])

FU_CTI_h IC7
SAME AS FUNCTICN 7 C_NFUIEC F_R EACH _F T_E I_REE _ALUcS _F R.

COLUMNS
I- 6 F_NCTN

7 $

II-16 _TU_ CESIGNaIIGN

FUfiCTlefi 2C7

WITH THE THREE _AL_ES _F R,
C_L_MNS

L- _ FUNCTNI
8-1_ 2_7

11-13 _ Ai_AX)_ THE h_E£R CF A1_NS 1_ TH_ P&gAMETE_ LIbT.
I_-16 _LECULE _ESIE'_llI_N

FUNCTION
AfiGLE EETfiEEN PRIfiCIP_L _XIS R CF ATCM i _h_ _ VECTOR _EFINE_ BY ATOMS

2 Ah_ 3.
COLUMNS

l- 6
7

8-1C
II-16

26-31

FUNCTN
$
I$_
_T_M EESIGNAII_N I.
R i. I. _ CR 3)
_T_ CESIGN_IIC_ 2, _

vEC T(]R

FU_CTICN IC_
SAME AS FUhCTICN e C_MF_TEC F_R EACH CF TM_ T_EE VAL_S _F _.

_WECTC;F1

C_LU_fiS
L- 6 FUNCTN

7 $
8-I0 108

IL-16 _T_M CESIGN_TI_N I.

17-1_ l$_20-2 _TOM CESIGNAII_N 2. e"
26-31 '_ _T_ CESIGNaTIC_ 3. e,

F_NCTI_N 2C8
SA_E _S F_NCTICN B C_F_TE_ FCR EACH ATOM [_ A GIVEN M_LECULE, EAC_ WITH !

THE THR£E _LUES OF R.

FUNCTN
$
2_8
A(MAXIt TEE E_MEEE _F ATOMS IN IHE PARAMETER LI_T,
MeLECULE CESI{N_II_N
$$$

aTOM CESIGN_I|_ 3, te_ _ECT_R

CCL_S

7

11-13
1_-16
17-I_
20=2S
26-31
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_3

FUNCTION 9
THE _S COMPONENT CF T_REP_L CISPLACE_ENT CF ATGN I ALCNG P_[_C|PAL AX|S

Rt PRC_ECTEC CN A VECT_H CEF|_EC 8Y ATONS 2 ANC 3.
CC L_hS

I- 6 F_NCTN
7 S

IX-X6 ATON CESIGNATI_N I,

2C-2S ATCN GNIT C_ 2..m
26-31 eTC_ GNAT C_ 3. a,, VECTCA

F_NCTXCfi I_9
SANE _S F_NCTiCN _ CC_F_TEC FC_ TEE T_HE_ _AL_E$ CF _.

CCL_fiS
l- 6 FUNCTN

7 t
8-10 IO_

.... S$$
20-2S _TO_ CESIGN_T|C_ 2, "_
26-31 _T_N CES|GN_T |C_ 3, _'. VECTCH

FUNCTION 209
SeNE AS FUNCTION 9 CC_F_TEC F_R E_CH _TC_ I_ A GIVEN _CLEC_L_, _eC_ _ITH

THE T_REE _L_ES OF R.
CCk_S

1- _ FUNCTN$
8-1C 2_9

ll-l_ AfPAX), T_E hU_EER CF ATOMS IN T_E PA_A_ET_ LI_T.
14-16 _CLECULE _ESIGNAIIC_

O-2S aTCN CESIGNaTIC_ 2. ,,
26-3l ATCN CESIGN_TIC_ 3..*. VECT_

F_fiCTXCN IC
ANGLE EET_EEN PRINCIPAL _XIS _ _F _TCN I ANC AXIS ! _F A CAHTES|A_ C_-

CRCINATE SVSTEN. T_E L_TIEE IS CEFIhEC BY ATOMS 2t 3e ¢ AN_ 5 AS FOLLOWS -
AXIS l IS VECTOR 12.3l. _XX_ 2 IS (_XIS l)X(_.S). AxIS _ IS IAXIS IIXI_Xl_ 2I
C_L_eNS
I- _ FUNCTN _,_

7
8-IC tic

Z_-S6 ATe_ CES|G_AlS_ I.
z,-z_ _,-z._e. ,,

9-3_ ATON OESIGNATIC_ 3' "=" VECT_H "-
_-4C ATOM CESIG_ATI_ ._ ,,. _XIS CEFINI_G VECTC_
4I'_6 _TC_ CESIGN_TIC_ 5. _'" VECTOR "*

F_NCTICN 11_
SA_ AS FUNCTICN 10 CC_P_TEC FCfl T_E _Ifi_ C_INATIC_S O_ _ _flC I.

CCL_NS
1- 6 FU_CTN

7 $
8-1C llO

ll-16 _lt_[_ CESIG_aTICfi I.
17-22 $$$$$S

.l N29-3_ _ C_ ES C_ 3..e. VECTCR e.
35-_0 ATCN _ESIGN_TICh 4. ,. _ _XI_ OEFINI_G VECTORS
_1-46 ATO_ CESIGNATICN 5. _" VECTOR ""
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3

(_,

_O

_0
:?

CCLUI_I_$
1- 6

-/
8-1C

Ll-13
lk-16
17-22
23-28
2g-3_
35-_0
41-A6

F_CTN
S
210

SSSSJI
_TCN CESIGNATICN 2. m.
DTON CESIGNJTI_ 3, eeu VECTOR mo
ATC_ CESIGNATIGN 4. am t. AXIS CEFI_I_G _ECT_5
eTCN CESIG_AT IC_ 5, eel VECTGR m.

FUNCTICN 1!
THE R_S CCPPCNENT CF TEE_AL CISPLACE_ENT CF _T_N 1ALC_G PHINCIP_L AXIS

R, FRCJECTEC CN_X_}.I CF _ CAHTE$I_N CCORCINATE SYSTEM CEFINEC BY ATCM5 2o

OL°J_N$

B-IC #II

IT-lq _::_R (- I, 2 CR 3)
2_'22 1 (= 1. 2 CR 3)
23"28 " _T_N I_E_IGN_TICN 2. ,.
2g-34 ATCM CESIGNaTIO_ 3, ",, VECTOR ,=
35-4C _TCM CESIGN_IICN 4. ae =" _XlS CEFINING VLCTCRS
41-46 _I_M CESIGN_TI_N _o ''" VECTOR ..

F_NCTICN Ill
S_ME _S FUNCTICN II CC_P_TEC FCR THE _INE CCMBINATI_S CF R ANC I.

CCt_l_hS
l- 6 FU_CT_

7
Z 1

8-1C I]_G;_ SIGEtTLl'[6 CE ICE I,
17-22 S_SSS_

41-46 ATOM CEICNSIGN_T 9, "'"

VEC TI]R ,i.

_ECTOR "'_
A_IS CEF|hI_G VECTORS

F_NCTICN 21_Sa_E F_NCTICN II CCFP_TEC FCR ALL ATCM$ It_ _ GI_E_ _OLEC_LE, FACH
WITH THE _I_E CCNBINATICES CF R A_O I.
COLUNNS

l- 6 FU_CTN
7 S

e-IC ...........2t-1-......

14-16 _CLECULE OE$1_aTIC_
17-22 JSSSS$
23"28 dT_M CE$IGN_TI_N 2o ""
2g-34 _TCN CESIGN_TIO_ 3. "'' VECTOR e.
35-40 _TON CESIGN_TICh 4. ,= ,- AXIS CEFIhlNG VECTORS
41-46 _TCM CESIGN_TIC_ 5. ''" VECTGR ,*



©

FUNCTICN 12
T_E _S CC_PCNENT _F T_ER_AL CISPLACE_E_T CF AT_ L 1_ THE Ut_CTt_N--CF_

A VECTCH CEFI_EC BY ATCFS 2 ANC 3.
CCLUN_S

I- 6 FUNCTN
7 $

e-lC $12
1-16 ATC_ CESIGNA]IC_ 1.

_7-22 ATG_ CESIGNJTIC_ 2, .=
23-28 _T_X CESIGN_TIC_ 3.... VECTC_

F_CTI_ _ 13R_S RACIAL THERMAL CISPLACENENT CF AN ATC_.
CCL_S
I- 6 FUNCTN

7 S
8-10 $13

II-16 _TCN CES tGh_TICh

FUNCTICh _INTE T_HIC CISTAhCE A_ER_GEC CVER THERNAL ,Ci,_N. SEC_O AT_ IS ASS_,
TC RICE Ch THE FIRST. TEE FUNCTI_ IS

R = R(O) _ (R|2)''2"C(_I''2"R(11''2_C(I).=2|I2 R(C)

_RERE R(C) IS THE FIRST _CCflRECTEC INTERATC_IC CISTANCE
THE _E_h S_ARE RA_|AL T_EH_L C[SPLACE_ENT _F _T_ "i_cRc TM
THE _E_N $_UARE C_PONE_I _e CISPLACE_ENT CF ATC_ I _ AT_F CI_EC|/Gr_(I)''2IS
CEF[NEC BY THE INTERATC_|C _ECT_R.
CCL_hS

1- 6 FUNCTN
7

8-I_ $14
_1-16 J-T_fl CESIGfl_

7"22 _TCN eesz n.+l  l:
F_CTICN IS

I_TEAATC_IC CIST_C_ _E_AGEC C_ER THERMAL _CT|_.
IN_EIPE_CENTLY, THE FUhCTIC_ IS

R - R(C) + (RI2)''2"CI_)''2_R(I)''2-C(I)'.2)/2 _(_)

_HERE ThE SYNBCLS aRE _EFI_EC AS lh: F_NCTICN l_ ABCVE.

l- 6 FUNCT_
7

8-10 $15

ATC_ AS_FEC i_ NCVi

_9

17 •



O

AD CARC _R_ER SUMMARY FCR LEAST-S_LARE$ LINES ANC PLANES°

...... L$_PL PRI_(3RA_C_It.L|hG CARC FC_ LINK 6_GC.

• CELL _NIT CELL PARAMETERS (SEE NGTE 1)

ATCk ATCNIC PARANETER5 {SEE NCTES 2 ANC ])

I:N_ |_rTTaTF:_ CALC_L_TI_

2.6_-A1

Z

Z

©

eemee REACS =NTAPEE= IF NC CELL CARC IS _SE_ aqel,

NCTE L - TEE CELL CARO HAS J VERY X_PCRTANT FUNCT[CN _THER [H_
PRCVIQING CELL F_RAMETERS. IF THE CELL C_R_ IS _NLTTECo T_E
PROGRAM _[LL A_TC_ATICALLY EXPECT AN X-RAV SYSTE_ _EFLFCI'ICN
TAPE CN =NTAPEE= F_C_ _HIC_ CELL CATA kILL BE _6T_|N_O. IF_- .....
CELL CaRC IS GI_E_ fie TAPE _ILL BE _SEC AS [_F_T.

PRCVICEC, THE MINIMAL FUNCTION OF ATOM CAROS IS TO GIVE ATEMIC
]CE_TIF|CATION CCC_S FOR ATCMS NV_LVEC IN tHE C6LL_LAT|ONo
[F EahK C P+

ATCN |°_, (E_ C3_I _F PA TER5 F_FROM SYSTEM _ T_PE TV RA_ _ A_C_ _ ARE G
CN THE -ATCN- CARC THEY _[LL AKE PRECECEfiC_ CVE_ TAPE P_RA

ETERS, IF AN _X= CCCRCI_ATE IS GI_E_ CN THE =ATC_= CAHC.. T_Efii _=THE =Y: ANC =Z CCCRClfiATES _UST ALS_ 8E GIVEN _ TH_ =_
C_R_, IF AN ATCM ].C. _ AN =ATC_= C_R_ CANNCT BE _ATCHEO HITh
AN ATOM IeCo Ch THE SYSTEM REF CT|_ TAPE THE PR_G_A_ _|LL-

PARAN _ _ THE =_TOM: C_rC
1_ E_t FOR EXA_ Eo _|TH ATC_S N_T l_ ETRHE aSv_ tc UNIT).

_O

+++O

n_te - THERE .ust BE _T LEAST (fi) =ATCN- CA_CS SuPPLIEO. *HERE IN) IS
THE NU_ER _F AIC_$ CEFI_I_G T_E PLANE CR LI_E IAS SPECIF|EC Ih
CCLS 16-19 OF THE =LSGPL = CARD). IF NCRE THAN (N) -ATOM= CARC3
ARE PRCV[_E_t TEE F|RST (N) _[LL BE _SEC IN THE LEAST-S_UARES
LXfiE _R PLANE CALC_LATtCN ANO FOR THE REMAINZNG AT_NS THEIR

CISTANCE FRO_ ThE L|NE OR /PLANE kILL BE CALCULA/EC _STHEPRCGRAN LIEITS CALCULATIC_S TO A _X]EE_ CF 20C ATC CEFINING
THE L[NE CR PLAEEt AfiC TC _ _X[_ _F 2CC =AT_= CA_OS
S_PFLIEC AFTER TEE FIRST (h) -ATC_= C_R_S,

O

_O---- +



B. CARO FORMATS FGR "LSCPL- PRGGkA_.

LSGFL
LiLtING CA_ FORL_AST-SCUARESLIN_ _ PCAN_S.F_E_AT (A6,1XtA_,I_IIIt!X_!3t_(IX_.

1- 6 L_FL$ " ""
7 $ BLA_K

8-t3 COMPLY, CCNP_ND I_E_TIFICATI_N C_OE. .....

i_ SX (111 '_-' F_R _ c ,,._,.,o,..,_,• -. _.,

2C-21 $X IGN_REO IF - ZERG _ ZEr_ I_TEGER
CAUSES CALC. _F _GLES BETEEE_ THIS LI_
_fl PLane Aria A_Y PRECEE_I_G LI_ES Ah_/_E
PLA_ES C_E_ _-ZERC. (]AhGLE)

_-23 $X IGN_REO IF _ ZERO, IF NOfi-ZER_ lhTEGE_
CAUSES CALC, _F L.So LINE _ PL_HE WITE
ATC_S PR_VI_E_ AS INPUT PLUS TH_ ATOMS
R_L_TED T_ T_ CIv_ AT_S BUT GEhER_TE_
T_R_ THE GRIGI_ A_ A CEfiTE_ CF SYMMETRY,

2_-72 (IG_ORE_)

CELL - CEL C_NST_NT C_R_

FCR_AT (A6_lX,I_,3_8,3,3Fg._,F7,_)
I- 6 ELLSt

? t
8-t3

22-Zg S_A_._a_ E CELL _IME_SIGN
3C-37 $A_._AA C CELL _IME_SI_

65-71 lA_a_. F(O,O,O) (F7._)

EL_K
SIX CGLUMNS GF _G IIH P

BLAEKS TG C_NPGUNO. MINUS ZEI_
(-_I _r ZER_ (_I AS A L_DIi_G SY_GL IS
nct ,LLCWE_. T_Is ,_ n_',FicATI_N ,S
C_ECKEE BY V,R|Cu_ rPriG _MS FC]K

C_T_NCYt S_ CMCCS_ C_EFULLY ANDREME_EER Y_H CE_IC (A_)
CELL _IMENSI_N (FE°31

!

!

)



L_

ATCF

Eric

g76_ ....

- ATCM PARA_ETE_ C_E,
FCR_AT (_6)[X,A6t]FB.4,F6.3,FS.2,3F8.5)

1- 6 ATG_Jl
7 $

8-13

14-21 SXX.XXXX

3C-37 SXX,X_XX
3_-43 iX,XX_

44-48 SX.XX

4t-56 SX,XXXXX

_7-6_ SX,XXXXX
65-72 SX.XXXXX

8LAN_
ATC_ ha_E - CCNSISTS _F TkC PARTS. I_C

T_E ATG_-TYFE NA_E (SEE FOR_FX). THF
T_T_L _F SiX

C_L[_S. _a¥ BE fi_ER|C [DEhT|F|CaT[_
_F T_E _ARTICULd_ dTC_o THI_ SECC_D P_RT

X F_ACTZC_AL C_CHCI_ATE (F8.4)
OECI_L PCI_T _ST EE P_CHEO [_ _CER
TC S_PERCECE F_AT.

¥
Z

m+Y BE ZER+S +R eLAmK IF APPLY[mG ++Em-

I_CIVIO_AI A 5C_LE_:_CI(_R-IPS+2I. ....)'_$T
BE ZERCS _R ELa_K T_ 8E [G_REC. '

5TAEC_RC CEVIdTICK [E X (RE_U[REC g_LY IF
RE_REC O_ PECGR_ BEIhG _SE_.)

ST_NC_RC CEVtATIU_ 1_ V.
ST_C_RC CEVIaTIC_ 1_ Z.

EI_C CAR
FCR_AT _AG)

l- 6 ENI3441|
7 $ EL,_hK

8-72 aNY LEG.eL PL_t_C_IhG CESIREC, (_H 8LA_KS.

I
I

I



e

C. P_CGRAI¢ I_ECK ANC S_EI_CL_IINE5 FCR mLSQPL.,,

e
LII_K 65GO CO_P_IATIC_ CF LEAST-S_AHES Li_S A_C PLA_[S.

7L

LSGPL

LSEE_

LSCET

LSFFPY

LSACS

SGRUW

SCN_W

SLI_W

SLCU_

FRGCRAM FOR LEAS1-S¢_AHES LINES AHC PLAhES.

SGLUT[CES CF TEREE E_NCGEh-E_US E_AT|UNSo

RCCTS CF A CUBIC EQ_aTIC_,

_ATR[X-_JTRIX CE _A1RIX-VECT_ _ULTIPLY.

A_CCCSI_E RCUTIhE.

FCRTR_ FLC_T[hG PCINT 5Q_RE RC_T RC_I_E

FCRTRAN FLC_TIhG PC|_] $Ih[ _C C_S[_E _[N_

FCRTR_N SHCET LIST INPUT (_SLI)

F_RTRAN S_ORT Ll$] C_1P_T _|gSLC)

(qSCN)

i)

} :

Ill I I II III



e

Ae

CELSIG PRC]GRA_ CALLII_G CAHC.

ISCALE FC SCALE CAEC, U_E IS CPT|CNAL. I_SEC GIRLY FCR A GkCUP _HCSE

......... S-C/tEE |S T(_ eE _-Tt_SC-A__E_ "'' '',,: ,., C_ "'",n,.:

"OELSIG- C_ILL[I_(_ CAR_.

i ill•

mGRAFTL CRAPH TITLE CA_C. CFTIC_AL. LABELS THE GRAPH IF A G_P_

kAS CCCEC 1_ T_E ,CELSIG= CALLING C_HC.

E_ CA_C SIG_L_ EhC _F CAT_ A_,C [_ I_I_IA_E C_LC_LATIC_°

INCICAIES _FTIC_L C_ECS.



E. CARC FCR_ATS FC_ -CELSIG- F_HJM.

......

CPERATICI_ CARCS (CESCI_ISE£ ltw SECT I,(]-A _l] CARD F!_RIWAT:_ A R_ Gt'V_I_ SECT _,O-C) MAY BE |_SERTEC AT Ally PL_C DESIRED BY TH_ USi_R.

1•z

L_

/

CEL$|G - CALLING CARD FCE 3[ELSIG- PRCGRAM ILI_K _CCC).
F_RNAT (A6_IX.J6_I_dI.IXt_3t2(IX_II)tTX._FIO,qe(FI_.6 _ t_|-t ........

!- 6 _E LS!_
7 s BLA_

e-13 CCMPI_ _e CCMPC_fiC ICE_IIFICATICh CCCE

(_UFBERS)/(INTEflVALS CF MAGi_IIUCE)(CIn_)
16-19 SXXX (CRC)/IRMSI FCR (ARITHMETICIIIR_OI-MEaN-

S _b_RE) AVERAGEC CELTA-F (RMS_RC)
2C-21 $_ I-_SE REFLECT. TAPE SCALE FACI_S (ISCAL|

3-USE RES AL CT_RS GN REFLECT. T_PE.
2_-23 SX I-NC GR_P_ (IGHAF)

_-FCR G_APH _L_TTEC MCCULC LOG.
3-FCR SCALED CELIA-F 50 NAXIMbN = ICC.
_-BCT_ GRAPHS 2 A_C 3.

_z-_o xxx_x._xxx MZ_[MUM FC T_ e_ CCNS_R_ !_ C_LC.
_-1-5_ - " XXX_X._XXX MAXI_U_ FO TO _e C_NSI_ER_ IN CALC.
51-53 XX_ FCR CCL !5 = At NbMUER _F REFLECTI_I_S

P ER GRCUP, '
5116C- " XXX_X._XX FCR CCL 15 - B, R_hGE _F FC P_R G_C_P,

SCALE - sc ce .eL T Ve CATA.
FOR_T (A6.FIC,I,I4)1- 6 SCALE

7-16 _XX_XXXX SCALE FACTOR TC APPLY IC F REL (F10.4)
17-20 $$XX GROUP [CENTIFICAT_CN (I-641 (l_I

GR._bP ICENIIII CF _R_ WILL APPLY
Cv_R_LL F-RELATIVE SCALE TC STerEO
VAL_ES _F SCALE FACTORS, SCALE CARDS
LCACEE AFTER GR_P-ZER_ WILL _CT _E
AFFECTEC .

21-72 ANY LEGAL P_hC_lhG OESIRE_, _ BLA_KS.

GRAFTL - P_TS A TITLE Cfi _CELSIG- GHaPMS.
FCRMAT 112_6)

1- 6 GR_FIL
7-72 _Y CESIREC TITLE FC_ GRAPH.

Eric _C ARC

T ( 6)NOE6
7 $ ELA_K

8-72 _NY LEGAL P_C_lhG CESIREC, CH BLAMKS.

i ¸ •



C° PRCGRJ_ CECK ANC S_ERC_I|fiE$ FCR =CELSIG-.

L|_K 8C00 PRGGE_ FGE CELT_-F VS FC PLCT

L.

G

CELSIG

CELGRF

CELFLT

NF[XER

SL[_

SLC_k

P_CGRA_TC G|_E C-ELtA-F VS FC PLCT IL|_K _CC_I

PRCGRA_ TC PLCT A _AP_

PRCGRAH TC ASS|S1 PLC1TING CF A GRAPH

S_8RG_T[fiE FCR F|XihG A FLOAT|fiG PC|fiT h_EER

FCRTR/II_ SHCRT LIST Ji_PL_T (cJSL|)

FI_RTRJh_ SHCRT LiST CIjTPL_T (gSLC)

F_RTR_H FL_AT|_G P_|_! S_AHE RC_T R_TI_E

0



A. CARE GRCER SU_NA_Y FCR CJTJ RECUCTIC_ PROGRAm.

2.16_-A1

i

.!il

7

r_

Z

CATRCN

eLAEEL

CELL

FCR_FX

FCR_

LAT[CE

SYmTRV

,CISPER

CC_EIT

PRCGRA_ CALLING CARE

TAPE HEACING. TAFE [CE_TIFiCATICfi LhF_M_ATIC_.

_N]T CELL PA_A_EIE_S.

ATCm|C SCATTERING FaCTCRS FCR X-RAYS. GrO_PEC BY ATCe tVP_
BY [NCEEaSIEG (Sih T_ETAItLAmBCA

ATC_!C SCATTEE!_G F_CTCRS Fee NEUTRONS.

SPECIFIES CEh_CSY_ETRY AN_ LATTICE TYPE. FCR _H_: NENT_L
EASE CF TEE eRd_ri_NS, THiS CARC _A¥ BE 5PELLE_ -LATTICE-

SYmmETRY CPEE_T_C_S Fee TEE SP_CE _HC_P _P TC _8 ALLC_EC,mUST HAVE A EAST _E -SYNTRY- A_C _I.E. XtV_Z|•

TEmPLET_fi CISFER$ICE CCRRECT[CN {_NE PLR AtOm TYPE).

CCNCITIC_ CAEC TC KEY CALCULATtG_S.

FROm THIS POINT C_WAE[, lEE CARC CRIER 1S UETERmlNEC BY IHc CATA
_NCER_ESIG_AC_NSICERAT[_NIC_SARE PERmI]TEC.,(! E _EALERS CH_|CE) ANO CARCS _I_ Tt_ -F_ILL_t_G -

• FILTER SPECTRCMETER F|L1EH CA_C (E_ST CCC_R _FC_E TM_ FirST
REFLECTICh RE_CI_IhG IT ).

• ABSORB B_NC ABSCRPTI_ CCAflECTICNS (mUST _E GMC_P_ F_R EACH
CEFFERENT C_YSIAL)

• SCALE SCALE CaRO S_FPLIES Er_ WEIGHTING, _N_ SCALING _AlA.

mC_EIT CCNOITICfiS C_RC _ETS-UP CCCES _ASEO CN CANERA TYPE A_B
CALCULATIChS TC EE PERFCRmEC,

• F_RNAT _CT_AL FCR_AI FCE _S_AL BCC REFLEClI_ |NP_T

• REFIE [NSTEUCTICN Cd_C F_R Uh_S_L REFLECT|_ X_P_T

• EN_CBS S|GN_LS THAT _EFLECT|CfiS WHICH F_LLCk ARE SY_TE_ATXCALLY

ABSENT. ChLY _E_[REC k_E_cAT SHAHPENE_._R[G|N-_EN_VED -PATTERSC_ (_ECTCE _Ap) IS EE CALC_LATE_,

IF REFLECT[C]NS AFTER -EI_L_CIES- CAR• ,ere IN A CIFFERENT F('JI_T T_Ah
THE CNES PRECEECING, Tl_Efi .CCf_C|T= _NC/CIR -FC]I_P, AT- CARC_ V_ILL BE
I_ECESSARY



t_

i

........2.ICO-A_

• REFIfi CAREFUL LJSE EF =I_EFII_- CARCS CAtJSES CES[_EO REFLCCT[CNS TC
BE SKIFPECo USE T_E =REFIN= CAI_C _[Tl_ C_RE.

• iAPF_L LILLY HEECEO _FEH MCRE titAN I]pCCG _EFLECT|ChS ARE [t_ _XA
0ECK [T(_ EE STLHEC CJI_ L(_ OENS|iY 1APE )

,$,,$ _EFLECT|_N C,RCS (ICEf_T[FIEI_ BY BLANKS IN CCLS 1-6),

U_E TC SET-UP CLUES |CEh=T[FYING COI_TINUAi'[t_I_
• $TARTT STARTT CARD C

T JPE(SI AFT _ I_E _SE CF TAPFI.J CARD,

JFTER AN APPRGPRIATE CGNEI_TICH GF THESE C_r_t AN -ENd= CAR_ C_SE_
THE PRCGR_N TC SUNNARtZE _IVC RETUR_ C_HTRCL TG T_E _N[TCR _R T_E NEXT
PRCGR_ SEGmEnT,

TEESE CARI_S aRE CPTICI_AI.,

THE F_GT THaT TEE V_H|C_$ C_R_S C_N BE CPTIGfi_LLY _SE_ :AT afi¥ TI_E

PER_|TS CH_fiGES IN SCALE_ FILTER FACT_RSt AB$CHPTI_N CCRRECTIC_S_ _REVE_ CCNCITI_nS IE.G. _ ISSE_ERG, P_ECESS|Q_t ETC*I-_URifiG THE C_RSE
_F THE PR_CES$[_G _F REFLECIICh C_RCS.

REA_S -NTAPE8= IF NEFLECTICH _AT_ IS T_ EE TAKE_ F)4CH TAPE. _.=
_RITES REFLECT|_ _tA Cfi -hT_PE_= _*_



i

i _ 2,1C(]-Bl
9/63

/

u__

;_:i'_e

r _

e

B. CARE FCRMATS FCR OATA REC_CII_N.

PE_ATIC _ CARES (CESCNIEEE lh SECT I.C-A, ANC CAHC F_R_AT5 ARE GIVE__ SEE .O-C) MAY BE ihSEHIEC AT ANY PLACE CESI_EO BY TH_ _SEH.

OATROh - CALLING CARE FCR CATA _ECUCTICN PRCGRA_ (LINK 1GOES)

7
8-13

_LA_K
S|X CCLUMNS GF HCLLERITH P_C_I_G _R

BL_KS TO I_E_TIFY CGMPC_MC. 'MIN_S ZERO
(-C) _o_,,ZEnn,,_ {0) A5 A L c'_ _"_ _
NET ALLCWEC. THIS :CEnIIFICAIICN is
CHECKE_ @Y _RICUS P_OG_AMS FCIH
CONSTanCY, $C CFCCZE CAREFULLY AN_
MEMEMBER YCUR C_ICE, (_)
BLANK

AMY LEGAL P_hC_l_G OESIREC, CR BLANKS

LABEL

CELL

- I_PE VA_ELING C_RC. _SEC TC I_ENTIFY Bl_v TAPE.FC_A..12_6)
1- 6 L_BEL$
7-72 ALPHAE_MERIC INFCRMAT|GN TG BE USED AS TAPE IAOEL

FC _ _ NT C_NC
I 6 t

7 t
B-13

14-21

3C-37
3e-_6
_7-55
56-64
6_-71

(-CI CR ZERC (_; A5 A LEADING S¥_BCL
_T _LLCWEC* tHI$ IUENTIFICAIICh IS
CEEC_E_ BY YaklC_S PROGRAMS F_R

CGNSTANCY, $_ C_CGS_ C_REF_LLY Ah_
R_MEMBER Y_R CECICE. (A_)

SA_A,AAA _ CELL CIMENSI_N 1F8_3)
SAAA.AAA E CELL CIMEhSIOt_ (F8.3)
SAA_,AAA C CELL CIMENSICN (F_.3)
$÷A,AAAJ_ CC5 ALPHA (Fg,_)
|*A,A_A_ CCS BET_ (FI,5)
I*A,AAA_A CCS G_MMA (Fq,g)
IAA_AA, FIC,O,O) (FT,01

S C{LUMNS CF HCLLEI_ITH Pt_NCfIING CR
8LAI_KS TO ICENTIFY COMPCLND. MINIJS ZERC

IS

FCRMFX - AIE_IC FCR_ FACICR$ FEB X-RAYS,
FCRMAT (A6,1X,Ae,Fi,5,FE,3,6A6,A4)

I- _ F_RMF_$ BLA_K
8-13 _P TC SiX CHAraCTERS THE L_SI _F w_ICM

MUST.NCT BE _ OIGI_ ET_ IDENTIFY IflEATC_ TYPE, BLANK_ A_ IG_CR_C,
14-20 $,XX_X SIN(T_ETA)/LA_BCA (F7.51
2l'28 $FFF,FFF ATGMIC SCATTERING FACTOR (FB.])

2g t BLA_K
3_-72 ANY LEGAL P_hCHihG _ESIREC_ CR BLA_KS.



/:

2.tCG-E_
q/6 3

FCR_FN - ATC_IC FGR_ FACICR5 FCR _EUTHCNS.
FCR_aT (A6tlX A6tF_,3pBA6t_I)

1- 6 FCR_FE

e-z3 c, TYPE _A_ (_e_ CGLS. e-z_ _F FC_FX,.
1_-21 tFFFoFFF CE_ERENT AT_NIC SCATIERING FACTOR (F8.3)
22-72 ANY LEGAL P_CHIhG CESIRE_t C_ 8LA_K$

- FC_T_t TY ICEfiIIFJC_ICN. CARC.LAIlCE C_A6_2X,AI_2,_AI )

_- 6 L_T;Ce LATTICE- SPELL_ _LSC_ACC_E_
7- 9 IS| _ " CENTR[C CELL, " E _CE_TRiC CELl..|(_-12 IS| CESIGhAT|(_N CF LA1;IC VPE

P.A.B.C_RtIeF I_E r1F THE
eceec_ _UST eE _c_ec.

SY_IRV - S¥_eETflY CPERATI_ CA_C

Q_ANTITY E_ -X FCR X-BAR_ (2 RA TICKS A E _|TTE_ WIT_
5LAS_ ¢ .G 1/2 F_R GfiE-HALF (3) _LAfiKS ARE IG_CK_.

ACCE TABLE FOrmATS.

FCLLC_ING FC_R C_N_S.

¥NTRY X_ Y_ ZY_TR¥ X, "_t Z
FCR_AT (12A6)

CISPER - TE_PLET_N CISPERSICN CCRRECTICN CARD.
FCR_AT (A6 A3_3_t2FI_o3|

ER °
7 I _L_K _

A_[ . .
8-[3 ATG_ TYPE N (SEE CGL$ _-13 _F FUR_F×)

2-2t $XX_._XX LTA FJ C_UELE PPl_E (FB.3)
3_-72 ANY LEGAL P_hC_IhG CESIREg, CH BLANKS.

CGNC|T - CCNOITICN CARC SE/$-I_P C_ Ct_LATICI_ CC_ES.
FC_NAT CA6,IX J_,IFe._,713,_e.S)

7 $ EL_K
e-z_ cc_pc_c XCE_XF_CA_C_ (SEC cccs. _-z_

OF TEE CELL CARC).
!_-21, IX.XAXXX i,iAVEC ENGTH (FE.5!
2 2"29 SXoXX=XX SIN TI_ETA (t_aX) |FB._)
_0-37 IX.XXXXX _ININI.j_ CBSERVE_ INIENSITi (FS.5)

(TI-tE VALUE PUr, Cl_E_ INTO THE SCALE C_{C
ki[CL SUPERCE_E ]Ills VAL_E _HE,_ tdSING

I_I_LTIPLE LEVEL CATI_].)(THE I_EXl SEVEN FXELCS ARE REAC

(!)i(2) FOR (X-RAY)/(N_tR_N)



e

_e

_e
u.)

C"

_e

_e

41-43 lSX CANERA TYPE ($W|TCHFLL)_R
111t_21113)t1_1 {PCWOER)I(sP_ TR_ETER)IE_UZ-INCLINAtI_n
WEI_ENBERG)/(PRECES$I_N)_4-46 $$X (1)I( FGR (APPLY [/LP)/(BYPAS$ THE

APPLICATIOn CF Z/LV)
47-4g $$X (1)f(2) FOR (CALC_LATICN OF TH_ S_UA_E

REfit CF INTENSITY, FR_L..2 ETCII(BYP_3S
cALcuLatIeN eF scuAre _cct|

$C-52 iSX REFLECT TEN CAR_ FCr_aT ISWITCH LLLB)
(Z)/(2|/(_) FOr ISIANDARC F_RMATI/
(_ArK-$ENSE F_jR_T)t(F_r_AT SPECIF|E_
[_ "REFIN" ANC =F_R_AT= CARCS)

ii F_ SSENB_RG

53-55 lSX JA AXIS CF R_TATICN FOR WE[
AX CLOSE T HCR

_(-'_ $$X KAX. AXIS PAR,LLEL T_ THE BE_, F_R T,_

CCN_IT - CCN_ITICN CARC FCR CE_GE CF CATA.
FCRNAT (Abe[X _)]FB.5,713_B.5)

l- 6 CCN_II
7 | BL_K

8-13 CCMP_NC IDENTIFICATION (SEE CCLS. O-L3
CF THE CELL CARC).

14-66 PUNC_ C_LY THGSE APPLIC_ELE CCLU,NS FCR ,_IC_ ,_ERE
IS A CHANGE _F DATA. LEAVE ALL _THER
CCLU_S BLANK _NLESS CA_ER_ TYPE C_ANGES
IHE_\PUNCH IN FULL.

67-72 ANY LEGAL P_MCMIhG CESIREC, CR BLANKS.

FILIER - FILTER cARe. FOR use WItH sPEctRCMEtER cATA.
FCRNAT IA6 1X,I_)FI_.B)

l- 6 _[LIER
7- _ INN IC NUMBER OF F|LTEH-- 1 T_ g_ (|3)

1C-lg $.FFFFFFFF TRANSMITTA_CY OF FILTE_ IFIO.8)
2C-72 ANY LEGAL P_NCEI_G DESlRE_ C_ BLANK5

_SCRB - ABSORPTICN COHRECTICE CARC - TYPE I. |HE_IRCS GNE CARC FOR
E_CH E_TRY IN TABLe. I_T_L = 19 CARDS.)
FCRNAT (A6 IX II,[_,F_,O,2XtFIC,3)

7 $ BLA_K

B X ABSORPTION TYPE (II/(21 FOR (N_
C_RRECTICN)_(SPHE_E CH CYLINDER) (I1)

TYPE (1) IS USEC TC CANCEL #REVICUS
TYPE CCCES IF NC CGRWECTICN_ ARE CES|rEC
FCR FCLLCWI_G SEt CF CATA.

I$$I CRC_P;/NUNBER _F CATA ALONG THL AXIS CF
RCT_TICN. (I_)

$XX, TYRTA. TflETA, CR UPSILOn/2 (BUERGE_S

NCTAT_CN), (F_.O)SEE W.L BCNC IN INTERNAIICNAL TABLES
VCL 2. PP 291 3C_ USE TABLE b.3 ' _0_
CVLINCER (P 2_5"2_B| ANC tABLE 5:_u

ELANK,
SXXXXX.XXX _SSOReTION CORRECT[_ AS LISTtD IN TABLE

(F1C.])
ANY CESIHEC LEGAL PUNCHING _ _LANKS.

I7-18- $l
1(J-28

29-72



L_163

e

_O

ASSCRE -ABSCRPTICN CCRRECTIO_ CARD - TYPE I[,
FORMAT (A6,1Xtl|t '''''''''') IFI_AL FORMAT NOT SIT)

1- 6 ABSC

'_-72

7 t _LAhK
E X JESCHPTICN TYPE. [1)/(])/(_) FCH (hC

C_R_ECTI_)/LELL|P_CIDAL)iIBUSING
TYPE (Z) USED IC C ANY PREgIOUS
TYPE DES [F _C C TICNS ARE OESIREC
FOR FGLLCW|NG SET QF OAIA. .....

_CTE- PKESEhTL¥ (31AhC (_) CALCULATE
LIKE (1) PENDING PROGRAMMING OF IYPF.

NC DETAILS CF CARD F_RMAT SET PENOIhG
COMPLETION CF P_CGrAMMI_G OF THESE CASE5

SCALE - SCALE CARD FOR INTENSITY DATA.
FORMAT IA6tF1C,_tI_,FIC,4,I_t_FS.])

1" 6 5CALE_ _ii__.......

FREt. CR FREL_*Z (FIO._)
17-2_ $SX_ G_C_P [CENTiFICeTI_ (_E _U_BER PER

GROUP FROM Ol IC MAX _F 6_I. (I4)
2L-30 IXX_,XX_X _INIM_N _BSER_EC IhTENSIT¥ (FLO.6) ..-
]I-32 Sw WEIGHT ROUTINE SWITCH (I)I(2)I(3)

FOR (CCPY FREL MIh INT_ W_IGHT EA_C)/
(APPLY _. _F _. WEIGHTING SC_EM_)/i_PPLY -
_SER S_PPLIED _EIG_T SCEE_E) (;2)
U.W. SCHEME IS (wEIGHT = _I/_AXLF

(S|GMA,_2,FREL_C3t_4,FRELM÷C_)
[REFER TC 5ECTIC_ 1.1C0 F_R _XPLANATIC_ CF _Xi

F lYE FIELDS, F5.3)
3_-37 XoX_X QI

_E-_ X.X_X _
5E-72 ANY LEGAL PUhC_IhG DESIRED, OH BLA_KS.

FCR_AT - CEFI_ES BCC REFLECIIEN CATA,
FCR_AT (12A6)

REF iI_ -

IC-IS

16-21

25-27
28-"30

I"7 FCR"A 
"t_StJAL= FCRMAT IS (lX,A6,41_tF[O.2)|
IF A STANDARQ FORTRAN CARD (E.G.-

[_STR_CTIOh CARD FOR _E_$_L REFLECTIC_ I_P_T.

7- g $$X (1)/(2)/(3) F_H (_I_ TAPE)/(_CD TAPC)/

XXXXX_ _OER CF REFLECTIONS T_ SKIP B_:FCRE
PROCESSING FIRSI REFLECILQN R_CGHC

XXX_ _AXIM_M _UMBER _F R_FLECI[_S T_ PROCESS
U_I_G I_FCR_ATLEfl FROM THE LAST

P_ECEEOING -SCALE- C_RQ
_XX _AL_E _F H F_H LAST REFLECTIQ_ l_ BE

PR_CESSE_ _SING INFORMAT[_ FR_ LAST
P_ECEEOING -SCALE = CARD

_XX VAL_E CF K FCH LASI REFLECTIO_
_XX VAL_E CF L FOR LAST REFLECTI_

_CT_ : T_{RE AR_ TWO.WAYS TO IERMINAIE USE _F [NFOR-

_A.=_C F_C_ THE PREC_EOI_G =SCALE= CAR_- I_E NUMOER

E_ _e FIRST T_ EE SAIISFI LL TERMINATE
T "'''RE_T_E_l _F TEAT REFLECTION GRQ_P.

IIIIII I I III



O

L!

C •

F;

REFIN - |NSTRUCTIOI_ CARE (CCNTINUEEI _
31-72 SXX FCURTEEN FIELOS FCR $PECiFILATIC]NS OF

REFLEC_IaN CJTA ................
THIS SER_ES T(3 SPECIFY TEE CRCER AN{3 MOCE IWflETHE_
FIXEC C_H FLCATZhG) 13F THE ITEMS T(3 B_ READ AS _EFLEC-
Tll_h CATt, IT ALSC] INOICATES kHICH w(3R{)S 13F A RECC3RiJ "
ARE Tt_ BE IGI_CREC, TREAT EACI_ F|ELI3 AS HEPRESENTING

CR GRCLJP CiF WC]RDS |5 TG BE SKIPFEOt FIJNCH -XB- WHERE

WORC WILLEE SKIPPEO. ....

INFHFI|LI_5_RIHCQRRESFI_NCINGF_RL_T1,NG _ FI_iEFIdL,I_E_ HINFCRMATICIN PUNCh"
FR _R JR run rLUPlIItI_I UlPi r l_lEIU K

FL I_H IL FCR FLOATING C_R FIX-_C L
FR I_R IR FCR FLC]AT, GR FIXEC FUNCTIC]N CJF INI{;NSITY
FW CR IW FCR FLG_TING CR FIXEC WEIGHT ........

_r le FCR FLCAT +R FIXEC LESS-tItAn I;_DICATCH[e _ Iz FORFLOAT: _ FIX_ LEVEL ZNOZC_r(_R
THESE FIELCS MUST BE PUNCHEI_ zn THE SA_E ORDER AS
THEY _PPEAH IN YCUR REFLECTICN CATA RECC_CS. A BLANK
In _h'_ Ce T_ESE FIELO-S C_USES l_Me_latE tErt_NATI_n ....
CF REACII_G t_zs CARD.

EIiCCBS - SIGNALS THAT FCLLC_It_G REFLeCTIOnS AR_ 5YSIE,IAIICALLY AESE_T.
F_RMAT IA6)

1- 6 ENCCE_
"/-72 (IGhCREC)

REFLECTIG._c_RO T.++..FCR INPUT INTENSITY CATA FROM FILMS CH cOunTeR,
+ ......
? S _LANK

8 p CCMPCUNO IDENTIFICAflON, CPTI_AL _ BLANK
X;!.5 $X LE_;THAN INCICATCR-- A_I _R g MCA_S I'_AT

LECTI_N CBSERVEC, OTHER _U_B_ ........
MEANS REFLECTI_h _A_ LESS-T_ MININU_
OBSERVABLE. A BLANK GR ZERG COMPARES
PUNCHEO IIWTENSITY WiTH MI_IMU_ CBSE_VE_
IhTE_SITY. 112).

16-19 ,XXX h INOEX (I4)
23 sXXX K IndEX (I_)

24 27 SXXX L I_EX (14)
28-37 $XX_X._X I_TENSITY/FREL/FHEL-_2 (FiO.2)

OH PEAK OEKACOU_TS F_ SPECIRGMEIER.
]B-47 XXX_X.XXXX SIGMA STANCARO CEVIATI_N OF MEaSUREMEnT(FLC.6. (CFTIChAL _R _LaNK) L

FOLL+WING48"72F+R'NY$_G" P_hC_L L ING C SIREB _fl BLANKS (FCH FILM _LYI.
ECIRCMETER OAT _hLY- FOR_T F_R EhTIRE CA_U

Few_At_B._e(Aa'ZX'Ae'I_'_t_'FZ_i_xxxPEAK _ERFI_'6"I3'F6*I'FIG'2'/3'F6"I|C_CE(13l

_z-_a xxxx.x _e_ SCANTIM_ (e_CISECO_S) (re.z)ST-e6 XXXXX_X._X BACKGRGUNC BE AC_UNTS. z_:zl
67-6g XXX @ACKGRQUNC FILTER CCCE (131.

_C-7_ _XXX.X B_cKG_uNC sCA_ t,M_ (e_z_ec_n_s,.



2,1C0-B6
_163

REFLECIIEN CARO- _ARK SESSE CARC F_R CCUNTER CATA (6_C CARU F_RMAT).
FC]F1MA T (A6t2A|tdStA_tAltAStA4t3A3)

|- 6 eLANK,
II t_EASU_IENENT TYPE (AI)
I2 PEAK FILTER C_OE fALl

13-17 PEAK CEKACOUNIS (Ag)l_-21 PEAKSCA,_TI,_E,_C_EC_._s, _A.,)

"/E-_BC CEX AA

- ,,,.,. CCN_ [ l_EREr] AS
CECI_W_L--IIWTEGERS I_ LEACING _EHt_S REQIJIRED. 5I(_NS

TAFF_L - CARO TC INCICAIE F|LLEC REFLECTICM TAPE,

_E_ iF T_E 8C_ TAFE IC _AT_ RECUCTI_N M_$t BE SPLIT.FCRNA (Ae)
l- 6 T_PFbL

7 I •LANK
8-72 ANY LEGAL P_hC_I_G BESIRED, C_ OLANKS,

stArtt - c=ro TC start ccnt_nu_tz_n REFLECIIOnnI_PE't[O
_ IF TEE BCC T_FE t_ cAtA rEcuc " _ust BE SPLIT.AT (A6)

l- _ STARTI$ _LAfiK
B-72 ( |GNCREC )

EINC - ENC CARC.
FCHMAT (A6)

I- _ ENOS11$ eLA_K
8-72 ANY LEGAL Pb_CHING OESIREfi, CH 8LA_K$.



• 2.tCG-CI

O

O

Li0

C. PRCGRAM CECK ANC SUBROUTINES FCR OATA _EC_CT|_I_ PROGRAM.

LI_K ICCO0

OATRCN

ABSORB

ATNA_E

BSTUW

8TSNU

CELFAC

ERASE

GEN

GENCI_K

INAES

INPUT

CATA RECLCTICN PROGRAM,

OUTPUT

SCN_W

SLIUW

SLCUW

SQRbW

SY_IRY

PRCGRA_ FOR OATa RECUCTIC_,

BCNO ABSCRPTIC_ CORHECTICN F_R EACM REFLeCTIOn,

LEFT JUSTIFY ANC CISCARC 8LAN_S IN ATOM _YMBOLS.

FORTRan BACK SFeCE iAPE (9EST)

TRANSLATE UW IE_ 65C SIGN-OVER-UNITS MAHK-SENSE INT_N$ITY CAH_S

ALCULATES NECESS_RI CELL CONSTANTS A_C W_ITES RESULTS CN _[_AH¥APE.

WRITES BLANK TAPE AFTER RECCROS TO BE RE-W_ITTEN BY SUBSEQUENT
P_CGRA_S.

CEVELOPS FCURIE_ CTHECTING COONS FOR _ACE _EFLECTIO_.

AER_NGES _NC CHECKS THE SYMMETRY _PERATI_S FOR GE_,

INITIALIZES ABSORPTION COHEECTICN S_B-HC_FINE ABSO_.

C, TH_S SUE-
FGRREACING _FL_CT|C_ CARO C"TA, H,K_e_|N_TOIFFEREN T CARO
FORMATS.

FOR WRITING OUT A_¥ SPECIAL R SE _LTS, TEIS SUB-H_T 15
USUALLY A CUMMY FOR USER MCCIFIC ATiCN5

FORTRAN FLOATING POINT SI_E ANC COSINE BCUTINE (gSCh)

F_RTRAN SHORT LIST INPUT (tSLI)

F_RIRAN SHORT LIST CUIP_T (_SLO)

F_RTRAN FLO_TI_ PC|NT SQUARE ROOT ROUTINE (_SQR)

SCANS SYMMETRY _E_TIC_ CARDS AND ST_RES IN FORTRAN MATRIX
ARRAY IN PRCPE# LCCdTICN$.

FORTRAN T_PE-TC-SICPAGE H_LLERIIH I_TS_)

FOR CALCULATION CF SPECIAL LEAST S_ARES WEIGHTING FACTORS.
U,StJ_LL¥ A O_MMYORF USER MOCIFICATICN_.

XMCOTW CONVERTS A FIXEC POINT FRACTION INTO INTeGeR TWELFTHS FOR
SY_TRY.

,_0 xnoo _AKES INTEGER TWELFI_S FH_ Ot12 TO !1/12 EXPRESSE_ AS t TO 12
F_R SY_TRY



e

A. CARC CRCER S_ARY FCR OATA _A_IPULaTION P_GHA_.

CAIFIX

"EPSILCN

CELCC_

.BLI_IT

.XLIFIT

ENi_

PRCGRA_ C_LL[_G CAHC

ZC_E WEIGETING FACTQRS

_[T CELL CEhT_hTS (C_E PER ATOM TYPE)

F_R SPECIAL r_LT_ r_ Tc_nco*T.,_C FArT_ *,,_ ,*r,
FACTCR EST 1_,

(SEE NCTE 11

ENC C_RC, SIGE_L5 EE_ CF CAT_ A_C |NIT[_TES CALC_LATIC_,

_, ]EESE C_qCS ARE CPTICEAL,,

NC]TE I ,, E_/EI_ IF AN =XLi_IT= CAt,IC IS L_SEI_ TIlL TE_P_RATL_F_ _[_ SCALL_
FACTORS ESTIPATEC FCR X=2 ARE _I_ C_NES PLAC_C AS _UTPIJ_ {_N
THE 8}_aRY TAPE IF THEHE IS NC -XLIMLI= CARl3, x IS N(]TACJIJS [J



2.1CS-BI
-_1/ 6 3

eo C_HC FGRMAT$ FOR CAIA _AhlP_LATICN PROGRAM°

e

I ,

I-

CFERATICN CARCS (CESCRiBEC IN SECI I,C-A, Ai'_iO CARC FC]RMaT_ ARE GIVEN
II_ SECT 2,0-C| NAY BE |NSE_TEC AT Ai_V PLACE CE_LrEO 8Y THE USEI_.

7
B-l]

!4. $
15 X

CJTFiX - CILLING CARD FCR CAIJ _A_IP_LATIC_ P_G_A_,

F_RNATI.6 (A6'IXI6elX|I'_FS"4)CI1FX

$ B_A_K
C_MFIC - COMPGUNC ICENTIFICAT|Gt_ CC_E
BL_hK

!6-23 XXX,X_X

24-31 XXX.XX_X

]2-39 XX_.XX_X

_C-47 XXX.XXXX

_E-72

(C CR 8LANK)/(1)FC_ (UG _CT)t(D_I L|SI
INC|V|C_tL k_FLECIICN I_FORMATICN

M, _ L' _' .nC E
(C CH BLANK - 3._)
E(O_CeO) TC CVE_ICE C_LCULATED V_L_E
(_5_ALLY LEF] 8LA_K)
F(O,O_C) TC _V_ICE VaL_E CN TAPE

(_S_ALLY LEFT _AhK)

(IG_C_EO)

EPSILGN - ZCNE WEIGHTS C_RC
FCR_AT (A6t/x_6F_,_)

l- 7 EPSILC_
8-10 XX_ EPSILCN FCR MOO (_L_NK = 1)

11-1] XXX _C
14-16 X_X CCL

7-19 XXX CKL
C _

26-72 (IG_C_EO)

CELCCN - CELL CCNTEI_TS C.4RC

FCI_IWATI_6 (A6'IXF3_cOI_6)Ci_L
7 $

8-10 XXX

11-16
17-72

8LA_K
_MSER _F ATGNS CF 3P_CIFIE_ IYPE [_ rH_

W_CLE UNIT CELL
ECC ATCM TYPE NAME (SYMOCL)
(|G_CREC)

BLI_IT m C_RCFACToRTC_NcCChTRCEvcL_ ESIIE_TIChsC_LEFACToRCFsCVE_LL. ISCTROPIC TEMPERATURE
FC_MAT (A6t_XSF_

7 $ _LA_K .,,
8-I] XX._XX MIXIM_N PERMISSIBLE ERRCR IN LSTIMITEC

(BL_NK _ 0.1)
l_-Ig XX._X _INIM_ PE_NISSISLE RATIC FOk Ai"__STI_ATE_

LEVEL SCALE FACI_R TC THE CvERALL E_II-
MATEC SCALE FACTOR (DL_NK = l.O, l._,
NC _ARIITIC_I

2C-25 XX._XX MaXI_b_ PERMISSIeLE _ATIC F_R A LEVEL
SCALE FACTOH TC T_E _VEH_LL SCALE FACTG_
(BL_NK = 1,0)

_e-72 --llGtrC_eC)



_163

O

_0

XLI_IT - L[MIIS X VALUE 1C GIVE BETTER FIT IN E
F_EMAT {A_tlX3F6,3)

1- 6 XL]kIT
? S

8-13 XX._XX

L4-l_ XX,_X

2C-25 XX._XX

26-72

ELANK
PERMISSIBLE MaXIM_ ERRGR IN _$11_ATEC X

(BLANK _0,2) W_ERE _ PGWER _F
/LAMBCA. ETr_

E_PXRICA XT cF _us. GIv"INIMLN PERMI$S[BLb " _IC FGR J_ EsT[eATE_ --

IMATEO SCALE FACTOH (BLANK 1.0, I.E

NC VAR [AIIO_MAX!MEM PERNIS IBLE R_TiC FGR A LEVEL
SCALE FACTCR [O I_E GVERALL SCALE FACTER
(BLANK - fool

(IG_CREC)

ENC - ENC CARC.
FCRMAT {A6)

L- 6 ENCJll
7 ! ELAhK

8-72 ANY LEGAL P_NCEI_G CESIREC, CR 8LA_K$,

(,,

7"

:O

_0

_0



2=tCS-Ct

LIhK lCSQO CALC_LJT|G_ OF _N[TARY 5Tr_CT_E FACT_R_,

SCALE A_£ _ERALL TEmPERATUrE FACTGR5

SC_U_

XPF_

XP3UE

PROGRA_ TO CALCULATE UhITAE_ STRUCTURE FACTORS (LINK 105g_:)

S_ERO_TIEE TO ST_RE |_TEGErS IN LEAST SIGH[FICA_T C|G|TS (_F

(gS_R)

F_RTRaN FL_ATIEG F_I_T EXPChE_TIAL F_CI[C_ (_XPF)

F_RTt_Ahi EXPCNEhT|_L EI_TLt_E FLCAT.PT Et,eSE A_I_ _Xv'_:_T ($Xi_ZJ



2,,,LC]6-AZ _
_/63

@

@

A. CARC OHCER S_A_Y FOR =_GCIFYs FRCGRA_.

_CC|FY CJLL|_G C_RC FGR _CC|FY PRCGRJ_ (LT_K I0_0_}

*_CDREF REFLECTIONS TC EE kCCIFIE_ BY CARC$ (IF A_Y).

EI_C [ N_[TI-dTE S Cd LCL_L,_TIC_ •

• I_CICATES _PTICNAL CJECS,

!i!i
-@

e..le REA_S =_TAPEA= J_C HRITES -NTAPES= *.**"

@

@



L e

e

8. CaRC FGR_ATS FOR =_CC]F¥= PRGGRAN,

_/_ •

e

?

e

e

_e

CPE_AZl_ CARCS (CESCR!eEC lh sect I.c-A, An_ c_r_ F_r_AT_ ARE Gl_
in SECT 2.O-C) MAY fie INSERTEC AT ANV PLACE CESIREO BY IH_ USF_.

_EIFY - CALLING CARO FCR -_CC[FY= PRCGRA_,

FCRNATI.6 (A6,I_A_CI_y313,Ie,_FS.3,12I_)

7 $ ULA_K

reccr_ Wzt_ _u_tzt_e_ Fr_ cA_es
SUPPLIEC AfiC C_PY reST CF T_PE.

2mPLACE SPECIFIEC PHASE _ rEFL_cTX_n
(CE_TR_SY_ET_|C C_LY)

3=_EPLACE F RELATIVE BY F-CALCULATED _[TH
S_ECIFIEC G_SSIJ_ ER_C_ FQR _LL

REFLECTX_S,
FC IN E ALL_:_L_C_ P_,Se eF rC_ _E_L_CT.

_ESCaLE F-RELATI_E FUR ALL kEFLECT]CIi_.6=T_A_SFGRN INDIC (_C_E3)

XXX hC_BE_ B;T_EEN 1-263 T_ I_tC_TE _C GF

''X (' |_CLS 2_ _F ,C_EF- ]_PUT H_FLEC-

X.XXX _e_n _AneC_ Errer _XPrES_E_ _ A F_CTIe_
EET_EEN I A_C _ (C_E _ Y) (ERR_)
turee C_Y eLuE e t_n

x._xx _uLtI_LIcAtlvE pAR''ETEr Fee bSTAfiL[SE|_G
" _E[CHTS (CCCe _ ChLY) (SL_P)

X.X_X 4CU[T[VE parameter FC_ est,eCZS_Zn_

XX HCH-BY-_C_ TR_NSFCH_T|Cfi MATRIX Ah_

(M_Y_IIt_t_ICES tCt_E _ _hiLYl

23-2B XXXXAX

2g-33

3_-36

3_-43

44-4e

_g-72

_CCREF - CARC TC _CCIF_ _ rEFLECTXGfi RECgrC,
FCR_AT (A6tIXe_6 _X,314tFlC.2)

l- 6 _CCR_F
7

e-15

28-37

36-72

$ 6L_K
C_NPIC (OPTICNAL C_ 8LANK)

XXXX _ [_EX
XXX_ K lh_EX

X_X_.XX _A_TITY TC BE lhSERTE_ IN _EFLECTZbN
T_PE AS 5PEC[F[EC _ =_CC[FY_ C_Eo

e

EI_C - ENC CaflCo
FCRNaT (a6)

1- _ ENCIll| EL_fiK
fl-72 _NY LEGAL P_CHI_G DESIREC_ CH BLA_KSo



• 2.1C6-CI
_/63

e

e

C. SUEE_UTI_ES FCR -MCCIFY= PRCGR_.

LINK IC600
,me/ _ I _ em ,im em ,.e elll

PRCGRJ_ ]C bEA_C_ ANC _CCIFY HEFLECT|CN LI_,_

_r_

_CIF PRCGRJ_ FCR _PCJTIEG A REFLECTION TAPE (LI_K IC¢CO)

AT_W F_RTRJN FLCATI_G PCI_T dRCT_NGENT RG_r|_£ (gATe)

RAN_Y FIJt_CTI_N $U_T|NE T_ GENERATE RA_C_ EERCRS

$_R_W FCRTRAN FLCATIhG PCtNT $_AflE RCQT R_UTI_E (_SGR)

XPF_ FCRTR_N FLCATIhG FC|_T 6XPC_E_TI_L F_r_C]iC_ (_XPF)



A, CAR_ GRCER S_NNARY FGR PHGGRAN TG SGRT FGR KARLE-HAUPTNAfi FHASESo

0
ESC_T

EI_(.]

PRCGRA_ CALLIEG CAR_

TEE_IEaTE5 FRCGR_ F_ELISEES FINAL SLaVeRY, ANO R[T_H_$
CGNTR_L TC lEE S_STEM.

THE CAR_ _A_ER |S _CT CPTI_hAL JtNC _UST BE FQLL[_EC E_PLICIiLY.

0
! •

k0

REACS -NT_PEO- ANC O_E_ NCT _EITE A BINARY TAP[.

0
I HI |1 i i ,



2°IG8-8i i

o. cARC FCR_ATS FCR PRCGRA_ TC SOH] FOr KARLE-HA_PT_AN PHAS[So

t_FER.aTICN CARCS (CESCfl!i:tEC [h SECT I.C-AI JNC C,4RE! FCtt,tb_T:S A_I_ GIV_
lfi SECT 2oQ-C) NAY BE I/SSI:HTEC _l ANY PLACE OE_l;,It.:{_ I_¥ THI: US_:_I.

ESCRT

EISC

- cAuut_ un,tA_ s,_uctu_EF_ctOr sG_tzn_p.oc_J_.

7
c.pcu_ _E_IC_ c_e.

16 X (ELANK_I 1) FCR (_ESI/INCI LIST T_rEE-

_z_e_szcn_L _ VALUES_ ether cn r_e.zs-21 x_x.xx_ _nl_u _cue F E cn _Icn tc s_rt.
a2-72 (IGfiCREC)

- E_C C_RC.
FCRNaT (A6)

I- 6 EhC|I$
7 $ 8L_K

8-72 AfiV LEGAL P_hCHlfiC CESIrE_ OR _L_KS.



C. S_eflflUT|fiES FCR PRflGflA_ IC SCRT FflR KARLE-HA_PT_AN PHASE_.

L|NK ICEO0 PRCGRA_ TC $CRT FCR KARLE-_A_PT_AN P_ASL$

Z

G_

MIX_P

SLIU_

SLC_

SCR

S_R_W

PRCGRAN TC SCR1 _hi|AB¥ STRCCTURE FACTC_5 (LINK IGSOa)

PACKS F|XEO PC|_! Nt_EERS [NTC STORAGE LCCAT!ON$+ !_CL_d_ES
-UNCRIN- kH|C_ UhPeCKS TPEN.

OETERN[NES C|NEh$|Ch CF _EFLECT[CN.

flETEH_|NES SYmmETRY CLASS _F REFLEC1[_,

S_RTS EVEN CR _CC [hCICES _F REFL_C1|ONS,

FGR_R_N SHORT L|S] INPUT (_SL|)

FCRTR_N SH_RT LZST C_TP_T (gSLC)

SflRTS REFLECT[Ch_ Ch T_EI_ [_CICES.

F_RTRAN FLC_TI_G PC|fiT S_ARE RCOT RflUf|_L (:;SCR)

E _)e

[;-



_J

2.11O-Al
_l_

A. CAR(_ GRCER S_NI_ARV FCR ,LISIFC-.

L 1 STFC

,6SG

PROGRAM CALL|fiG CAA_,

I_OLCATES lhP_T _Y 6_G-FCR_AT CARCS.

11

EI_C

- _-Ft_MJtT 1_C OECK I/_ PHCPER S_RT _llH X-60 cA_r_ _Ef_VbO. " ........

ENG CARD TC] liCIT|ATE CALCULATION,

we•am EihAR¥ I_PUT CN =ETAFES- ,Juan

• ll,= HHE_ 650 CARCS A_E SPEC/FIEC, =_TAPEB= IS _CT _5EC

_TE l - THE 65_ OATA CECK AESCL_TELY N_ST NOT haVE X-SO AN_ C]T_E_

_ELATED S_F_AR¥ CAE_S. _RE_VER_ THE X-CO CA_ _ST _E

REPLACED BY A_ =E_£= CARC.

N_TE 2 - A 650 FC _ECK _AY _E CET_IhE_ THROUGH I_E USE CF THE =EYCEYE=

PRCGRA_. IF C_|_[_AL _AiA _F THE BLNA_Y REFLECTI_h _APE 15 _CT

SCRTE_ THiS PROCEDURE _[LL GiVE A SIGNS-_ER-_iTS OECK _H|CH

_AY BE EASILY S_RTEG Ch AN 18_ SORTER i_TO THE APPKCPHIATE

CRCER.

N_TE 3 - #hEN ihPUT IS FRG_ T_E SYSTE_ =REFLEETI_ TAPE= 5C_LIN_ l_

_TO_ATICALLY TAKE_ FR_ =SCALE=. THE _L_ES CF =HESC_L£-

CA_ _E TRA_SFERRE_ TC THE =SCALE= BANC C_RI_G T_E LAST =FC=

CALC_LAT|O_ IF SCeL|_G OF F-_EL 8Y =_ESCALE= 15 OESI_EC.



0

BO

LISTFC " CALLING CARD FCR -LISlFC= PRGGRAM (LINK ilOGO).
FCRMAT [A6tlX t t t ,

1- 6
7 $

e-'13
16 X

5 X• x
17-2_ XXXX

x
22-24 XXX
-29-26-- XX
27-28 XX

_• 2_-30 xx
3I-3Z XX
33-3_ X_

_O 35-36 XX
37-38 xx

_O

41-42 $X

4_-46 SX

47-48 $X

BLANK
CCMP!C CCMPC_N_ [_ENT[FICATICN CCCE.

THE SORT F_r (_lfiCR SORT InOEx THATCEA_GES _1FRE_UENTLYitIIhTE_MEE]IATE
S_R1)IIMAJC_ S_HI CHANGES LEAST [N ....

SC_Tl FREQUENCY F_R K INDEX.
S_RTIhG FREQUENCY FCR L IN_X.
EITHER THE N_MBE_ _F LINEStPAGE, _ ELSE

TEE TOTAL NUMBER _F PAGES T_ BE LISTE_.
(L)/IP) IF C_LS 17-2C IS (LINESI/IPAGES).
_MBER OF C_L_MNS/FAGE
N_MeER CF BLA_K SPACES BETWEEN COLUMNS.
_M_ER OF PRINT CCL_N$ PER I_OEX,

(USUALLY 3)
_M_ER CF C_L_M_S F_ F_CBSERVE_. .
_MEER _F COLUMNS FOR F CALCULATED
h_M_ER _F CCL_MNS FGR PHASE (I_ CYCLES}. -
SPECIAL -LESS-THAh- FLAG (E.G.- • I.
SPECIAL -EXTINCT-FLAG (E,G,- tl ).
(BLANK)/(1) F_r (_C)/(O_ NOT) PL,ACE Mlh_$ .....

SIGN In FRONT CF t_e F-OBSERVED t_At _r_
LESs-THANS (THIS _a¥ THEN _e conv_rtEc

A LeSs-t  n sIGn pen-An -INK),
(BL_NK)/(I) IF oes|reo TO (not PRINT)/

PRlNT) THE PHAS_ ON FC IN IHE CENT_IC
ASE (LEAVE ZEWC UR BLAhK FOR ACE_TRIC),

(BLANK)/(1) F_r (SI_GLE)/(COU_LE) SPACE.
(CLANK)I(1) FO_ (CO nOttt(O0} restore

PAGes AuT  AtzOALL 
(BLANK)I(I) FOR (PRIN_)IISUPRES$) PAGE

t iTLI_G.
BLANK,

650 - C_RC TO SIGNAL INPUT _50-FCRMAT CARCS FCH =LISIFC_.
FORMAT (A6)

I- 6 65_4tl
7-72_. 6LA_KS,

ENC - EhO CARC
FORMAT (_61

1- 6 ENCIII
_ _LA_K

8-72 ANY L_G_L Pb_Chl_G CESIREC_ CH BLA_K_.

NOTE - F_R THE F_RMAT OF TEE IBM eSC SYSTEM FC-CECK FORMAT_ _FFEK TC

W_FC_ .E_EE_E=P_C-GrA_, SECTICI_ I_31t_. .............. _
i



• 2. LLC-Cl-

o

C. SUBROUTINES F_R =L|SIFC= FR_GRA_.

LIhK 11000 PRCG_J_ ¥CH FINAL STRUCTURE FACT_ LIST[_

_,O

_O

_O

_O

LISTFC Pk_GRAI_ Fr_fl F[fiI_L $1R_CTUHE FACTCR LISTinG

A_CTN F|XE(_ PCIt_T JRCTA_GEI_T RCUTINE.

(LIhK tlCOO)

CCfiVERT S|G_-CVER-U_ITS BCC INTEGER TO _[NArY.

REAC THE 8|_ARY REFLECTIC_ RECORDS.

LISTK

CrC_L

REAC ANC CHECK FI_SI SEgEh RECCRDS CF _lhA_V riPE.

MAKES PRCPER SUFF[X FCR CRCI.NAL NU_EE_S.

FERTRAN S_CRT LIST I_P_T (_SL[)

SCR_k FCRTR_ FL_dTIhG PCI_T S_E R_T RG_TI_E (tS_RI

_O

O



CRYSET PRCGRA_ CALLING CIRC.

BLANK CARC

BLANK CARC

MOfiCCLIN!C $VS1E_ EATA CARE.

BLAfiK CARC

TRICLL_[C S_SIE_ CATA CARC.

ENC CARC IC [fi|TIAIE CALC_LAT[CN.

2.llI-_I
_/_ .....

NCTE 1 - THIS PRCG_JN, ALTHC_C_ Ch I_E SYSI_ IAfl_t _AS _T Y{I B_E_

CONVERTE[ F_LL¥ 1C T_E SYSIEN FCRMAT, HENCE THIS OESCRIPIIC_

_UST BE C_$[CER_C I_IERIN. CNL¥ IHE M_NCCLINIC A;_C

TRICLINIC S¥$1EM$ A_E AVAILABLE AI P_SENI.

NCTE 2 - ANY NUMBER _F SEIS CF CATA C_N BE CALCCLAIEQ AT A IL_E. IT [S

hECESSJR¥ Thai ALL MCNCCLIfiIC (]AIA CAR_S DE GROUPED ICGEIHER

ARC ALL IRICLINIC C_IA CARCS BE GR_PEC TCGFT_ER. IT iS

• _c-_SSE'fi-TI_.-T_t t_EHE BE THREE BLAh_ CAR_S BEI_EE_ iH£

=CRYSET- CARC.A_ T_E =ENC = CARC_ w_ET_ER OR NOT THERE ARE

_y =_s CR "A_ C_R_S I_ I_E CATA _ECK,

_O

i ,-

I

O



• 2.1II-BI

_

I

!

7-

B. CARC FCR_ATS FCR =C_5E1- PROGRAM.

CRYSET - CALLING CARC FCR CCNNAY-TAKECA TRANSFG_It_N PRuGkA_.
FCR_AT (A6)

I- 6 CRYSE1
7-72 (IGh_EC)

TITLE - T
_;_ELIM_C_CA TpU_R_OFTiC_ CA_C. PRINTS TITLE CN EACH PAGE CF

_CR_AT (12_1- 6 _)TLES (A6)
7-72 aLPhanUMERIC INFCRMATIC_ FCN PAGE TITLE.

IW
-¢RVSEt- CATa CARC FCR TRICLINIC SYSTEF.

- _ FCR _CNECLINIC SYSTEm.
-C_YSET _ATA C R_
(T_ESE CARCS dR _N-STAhCARC F_R_AT AN_ ARE NCT II_CL_UE_

IN THE ALPH_EE [C LISTI_C _F APPENDIX lit SECTICN 3.2)
1 (_O_OCLINIC SYSTEM)A (TRICLINIC SYSTEM)

2" g TE_C_EhSION CF TEE CELL E_G (A) wITH DECIMAL
SIGN] FCLLEkEQ BY ONLY TEES) FIGbRES WHICH ANE

FICANT, ,_':

IC'I7 _LL E£GE (ElE-2_ LL E(GE CO);

26-2930 _GREEAhKLRPARTeI_CIc_FCEA_INGLANGLEoEG_EEALP_AA_CECIMALRIGHTACJUSTECpcI_T"

31-32

3B-3g

_4

_.B

CF E_NCRECTES _; CEGREE"I_TES PART _F LL ANGL_ ALPHA. RIGHT ADJUSTE_,
_R HLNCRE_THS OF _EGREE, LEFT ACJ_STEO.sA e  ETA.

SA | ANGL SA ECR ANGLE BET_.

S'EE FOR ANGle G_M_A, _H FIRST SETTING _F_C_CCLIhIC

$_ FCR _NGLE GAMMA_

B_ K
I. Ice _EITERF QF THE SPACE-GROUP SYMBCL (_LPHaBET|

_YP CL T_E REMAINING $YMMEIRY _LEMEhTS GF THE$_ACE-GB_UP SYMBCL BY _,B_R A_ CAPITAL ALPHAeEI

FRACTION _ PEC • IS P_CHE_ IN PLAC_ _F M,

N_ ER_ Z_ CF FCRH_LA _NIIS PER CELL A5 AN I_TEGER.

A KXB_ACHANGEc.F_RPRE-I_8 P_ST-IgOG DATA HAVE
K STILL IN KX FCR PCST-lg_8 CATA.
S SUPPLEMENT _F BETA _bST BE TAKEN (F_R

_CETE BETA)
T A T_AhSFCRM_T_GN iS NEE_EC FGH ACUTE BETA

CATA.
XX YEAR CF P_BLiCATICN AS TWC-DIuIT _8EH

E_TR_(EGICEN_IFICATIC_,.- 31 A_¥ CHA_ACTEHS.

ENC - ENC CaRC
FCRM_T (J6)

$ _LA_K
8-72 ANY LEGAL P_NC_I_G CESIRE_ CH BLANKS.

I

&



O 2.Ill-el

O

C. S_QRG_TINES FCR CGNhA¥-TAKECA CRYSTAL TRA_SFCR_ATIU_ FRGGRaH.

•

_O
!

_O

LIhK III00 PROGflAN FGR CRYSTAL TRANSF_PATICN

TRXLS

ALOFT

AC_TF

ARCCS

ARR

AT_UW

ATCFL

BLA_K

CHAC

CHEK

CCM_T

CCN_

CC_VC

CEGR

CPS_W

_S_RT

EX221

TRJhSFCRMaTIC_ CF CEYSIAL SETTING JNQ SPACE-_RC_P SYMBOL

CCNVERT AtBeC E¥ 24AI TC FLCAT.PT. N_MBER (A(i)tI=1,3)

PRIMT CUT AtB,C/E_AoB,C IN ACC_ROANCE WII_ ACC_HACY

ARCCOSINE RCUTIhE

ARRANGE SCALJR PRGCLCI5 I_ CECREASING Q_ER

F_RTRAN FL_TING PCI_T ARCT_NGENT RC_II_ lgaT_)

EC_ INTEGERS TC FLQATING P_INT N_MEERS

INSERT J BLANK CHARACTER IN _N =A- FC,M_I WCRC

INTERCHANGE _ _C C _XES

CHECK TRANSFCR_EC C_LL CIME_SIChS _NC AhGLES

PRIhT CC_MEhTS _CC_I_O T_ N_MBER _F GRC_P ANC E_THY
h

REWRITE THE SPACE-GRC_P SY_BCL TC CBEY CC_ENTICN

REWRITE THE SP_CE-GR_P SYMBOL TO CBEY PRIC_ITY RULES

CC_ERT RACIAN$ 1C EE_EES

FCRTRAN C_UELE PRECISICN ARITHMATIC RO_iI_ (_;OPS)

FCRTRAN CGUBLE FREC|5IC_ FLCAT.BT. S_UA_E R_I RC_TL_E ('_C5_)

EXAMINE SPACE-_RC_P SYMBOL kITH _NE 2-FCLC AXIS EXCEPT FoI

HCLLER TC _AKE BCC CH=R_CTEH FCR CRYSET

_CL CEAL WITH _CN_CLIfiIC SYSTEM

NWA_ CALCULATE NEW CELL [[_EhSICNS ANC _NGL. E$

CRT CE_L wITH CRTHCRHCM_IC SYSTEM

RA_GL IF _O-ANGLE WERE ACkTE, GIVES GAMMA A_C T_NSFCRM. MAIRIX FELLOW

REC_C REC_CE TRICLLNIC CELL

RHCTP PR|hT C/AoA HE_,C _EX_ IN ACCCRCANCE wITH ACCURACY

RflH - C_WITH RHCMECMECR_L SYSIEM

O____

¢3



o

e

_e

Z ¸

_e

_e

SA_E

SCAL

SCNUW

SHC_IT

SLASH

SLClJk

S_[_P

SI, Tfl

SQRbW

TCL

TRAILS

LJKEEP

V_L

XP2_W

PRINT GUT AI_CTI_Ei_ Ti_AI_SFGRM. MATRIX IF CELL HAS SONI: LDG£S

CALCULATES SCALAR PPCC_CTS A,At A.B, A.Ct _.B, E.Ct C,C

FORTRAN FLCATItWG P_II_T SINE AI_C C_JSINE RG_IINE (gSC;w)

FItWI_ Tl_E SI_CRTESI TfiA_wSLATLCN IN A PLANE

CHANGES BLAI_K TC SL/ISI_ IN FI_i'_HT{IF ICeAtEtCw_4t CR *

FLiRTRAN SHCHT LIST CIJTPIJT (qSL_])

C_tCVEI_T [NPIJT FCR_ CF SPAC_-GRI-_IJP SYM_JCL 'I'_ I._T_,_AL 'FP_R_W

II_TERCI_AN_E SYIWIwETR_ SYIWBCL

,.CL- P S'#_ _ '" '

FCJRTRAN FLCF_TIiWG Pi_INT SIQIjAi4E RCCT RCUIIt_E IgSl_gl

CEALS WITI_ TR|CLI_wIC SYSTEt_

CALCULATE PI_C]C_CIS CF TRAI_SF_RNATICN MAII41X

KEEP _IltJ) _r_'_

CALC_JLATE Tt_E C_:LL _i_LL_i_E

F(]RTRAN EXPCNENTIAL R(_t_TIhE - FLOAT,PT. eASE A_G FIxE[_ EXPC_N_:_T

e

e

e

e



0

0

_i̧ •

LE,

_FLJ_E

°SCALE

aGRIO

le

mAtc_

tATC_G

CALLING CARC FCR R FLA_E PRQGRAM,

^$ ¢CR FC nRCGRA_ (LIfiK __0)

AS FGR FC PE_GRA_

CNLY AS CVERALL ]$CIRCPIC TEMPERAT_HE FACTOR

kS FCR FCUREF PRCGRAM (LINK 50CC1

AS FCR FCUREF PRCG_A_

*MAXEKL tJSEO TO LifltI REFLECIIC_S USEO

FLA_E TO CESIGfiAT II_
USTEHCEF I_E_E$$ C_ EG_IC

AS CFTEN _$ CESIREC_
TWC]CIM_NT|OI_LPLAI_Ep_|1"5 LIMITS, _C

ENC END C_RC, SIGI'WAL_ E_C L;F 13AT_ ANC [I_IIIATES C_LCULhTIfJt_,

• TEE_E C_RCS ARE (]FTIC]I'IAL,

"7 •

(

E

'"' •

2",

_2

.....

• "_e REJICS "IN T A PE,e,= _,*,,

0
II I I II



iie

©

L_

ii

20-812;)63

ATCM - _TC_ PARAMETER CIRC.

PCR_AT (A6_+XtI_,]FE,_oF6.3,F_.2_3F6.S)
1- _ GMISI!

B-13

1¢-2l SXX.XXXX

-2_ SXX.XXXX

C-37 $XX.XlXX38-_3 SX.XX

66-46 $X.XX

6g-56 SX.XXXXX

51-64 SX.XXXXX
65-72 _X.XXXXX

ATCM NAME - CGNSISIS OF TWC PARIS. THe/
FIRSTt WMIC_ _51MCT FhC I_ A O[t_IT, I_
THE ATOM-TYPE NAME (SEE FORMEX), THE
RESI GF THE WQRE, _P TG A T_TAL _F SIX
CCLLMhS, MAY BE _UMER|C IOE_TIFICAII_
CF TEE PARTICULdH ATOM. THIS _[CC._O P_I
M_SI BE N_MERIC, _LANKS ARE IGN_A_,

Y

lh_[VIfl_L ISCIR_PIC TEMPERAT_R FACTOR.b
MAY BE ZERGS _R BLANK IF APPLY|_G _V_ ....
ALL TEMPERATURE FAC!OR _R IF A SEPAHATE
TEMPERATURE FACTOR CARC IS _SEOt b[_CC

TMIS WORO IS TH_ _GN_REC.
|hCIVIO_L ATCM S L FACTCR _F_,2). _UST

BE ZEROS OR OLAfiK TO BE IGN_R_O.
S1ANO_RC CEVIATICh IN X (R_GU|RED C LY IF

RE_IREC BY PaCGHAM BEING _bE_.)

ATC_G - ATCMI{ PARAMETER C_RC BASIC CN GRIC POlhTSo
FCRMAT (A6tlXmA6,3FS.6_F6.3,FS.2_3FB.5)

t-tZ SAME AS ATC |TH ATOMIC CCCIH_Ih_TEb
EXPRESSEC _S ORI_hVALUES FRCM FC_RIE_
MAPS AS $XXX.XXX. TH_ SET CF ATCMG
CAHCS M_ST BE PR_CECED BY A L[ACI_G
GRIO CARO,

MAX_KL - LIMITS
_CR_AT

1- 6
7

B-13

4-L7e-21
2-2S6-33

3_-_I

42-72

FOR FC_BIER S_MMATICNo

MAX_WL
$ _LANK

CCMPIC_ CflMPCUMC &_ENTIFICATI_N C_E,
$XXX MAXIMUM H T_ BE US_ (14)
SXXX M_XIM_M K TO BE _5_C
SXXX _AXIM_M t TC B_ _S_
SX._XXXX _AXI_M SI_(THETAI/LAMU_A. (_LAt_K MEA_S

$X.XXXXX NINIMbM IN(TM TAIILAMBCA. (BLA_K MEAh_

i•

/,

rill l i i il i . ., ,



_0-- B, CJRC F_R_ATS FGR R PLJhE PRCGkAM,

O_

0

0

0

_PE_AIIGh CARES (CESCB|EE£ lh SECT I,C-A, ANTI CAR_ FORMAT_ ARE GIVEN
I_ SECT._2.0-C) MAY BE INS_RTEC AT ANY PLACE CESIRE_ BY THL USER.

RPLANE - CALLING CARC FCR P_JECIIGh flF MOLECULE C_ PLANE

FORMAT (A6_IX_u21_)H LJ_EI- 6
7 S

14-15 SX

16-17 SX

18-72

ELA_K
CCMPIC " CCMP_C ICENTIFICATIC_ CC_E
(C)/(I)/{2) FGH SCALES BY (I,OI/(SCALE)/

(RESCALE) FACTOR
(OIl(|) FOR (CQ NCI)I(QO) REAC IHE ATOMS

FROM TAPE. SOME CA ALL MAY EE S_P_HCE[!_C
BY :ATOM= CAH_S,

(IGhC_EC}

.+

C__

SCALE " SCJLE CARC FOR F RELATIVE CATA.

FORMAT (A6 Fl(_1,1_
)

1- 6 _CAL
7-16 _iXXX_,J(X,_X SCALE F_CTCR TFj APPLY IC F REL {FIO°4)

17-20 _$X,W GHCUP II3ENTIFICATII_N [1-6_) ([_)
A GRC]IJP IIDENIITY (IF ZERO] _ILL APPLY
_FVERAL_ F-RELA__CACE TC-ST_REt;
VALIJES OF SCALE FACI_RS. SCALE CARDS

.... LC_ACE_ AFTEM G_CbP=Z_RC_ WILl. NOT _E
AFFE_. EC.

21472 ANY LEGAL PUhCHII_G DESIREC, C_ _LA_KS.

0

i

,z FEI41_AT (A6_IX _6_3141
'_ ...... 1- 6 GRI_II

7 s
,= 6-13

............. t4"17 SXXX

i_0 IB=2l

0

_

SXXX
SXXX
ANY LEGAL P_hC_I_G OESIREC, CH BLANKS.

BLA_K
CCMPIC, CCMPC_NO ICENIIFICATIC_ CGCE.
N_MflER CF GRI_ INTER_ALS ALCN_ [HE X

AXIAL CIRECIION,
GRIC INTERVALS ALONG V AXIAL _I_ECIIC_
GRI_ INTERVALS ALONG Z AXIAL _Ix_CTl_

200

B - I$CTrCPlC TEMP_RATLHE FACTCH CARD.
FORMAT (A6_IX A_ F_._)

$ ELAh_

!i5

_14 0

i13



e

2,L20-_2
_163

2e
, .,'_

©

PLAhE

ENO

- CES|GNATES PLAEE TC EE T_EaTEC

FCR_AT (A6tlXt_t_2_6FE,6)|- 6 PLAE'S
7 S flLA_K

B-ll

!2-1]

I4-21

38-4_

_6-51
52-5_
6C-72

ASAt XSYSt _SX$. XSZ Z_St ¥$ZS G_ Z$¥$TC C_SIGNATE _E PLANE CES|_ED
_W._ _1/11_ T_ ec_,,_C _ _'_'E ........

X_.XX_X EEGI_hING POINT CF FIRST C_O_I_ATE OI_EC;

(Ih F_ICTIC_ _CRSINATES)XXX.XXXX FINAL PGINT C I ST CCU_I_ATE OlH_CTI_

DIHECTI_N (IN F_ACII_N_L C_CH_I_AI_SI

X_,_X_X I_TEHV_L IN SECON_ _IR_CTI_
(IG_C_E_)



O 2.12G-CI

-I l,e I I m 9,_ m _ _,q .,,e i a -,* _ _,,, .m ,m ,m .m me _,_ _ .m de mo q _

lINK 12C0G
4" .m ,m ,m ,m i Im ! .,m_ !

PROGEJM l_ CALCULATE R CVER A PRCJECTION

LL. •

Z.

RPLANE

AI_L_

RCAL

RCC;R

RT_EL

SC_IJW

SCI_LW

XPF_W

PE_GR_M TO CALCULATE R _VEH A PROJECTiGN

GET ATC_ TYPE h_EEE F_CM ATOM _N_ _ICTI_ARY NAME

C_LC_L_TI_N _F E

MGVE$ M_LECULE

GEfiER_TES T_BLE CF IAIG F_fiCTION$

F_TR_ FLC_TIhG PC|fiT SI_E _ COSINE R_TI_E

F_RTRAN FL_TIhG PC|fiT S_RE RGG[ flCUTI_E

F_RTRAN FLOATING PCINI EXPG_ENTIAL F_CI|UN

(gS_R)

(gXPF)

i e

iz"



2.122-A1

a. CARC CHCER S_N_RY FCR _&ISI PROGRAM,

RLISI

_SCALE

Eric

CALLING CAR_ FCR R LISII_G PR_GRA_

F RELATIVE SCALE F_CI_R CAR_(S)

EN_ CAR_

[hP_T FRC_ " NTAPEB "

t I_ESE CAROS ARE CPII_AL

L,J
Z

C_

e



§164

_r

+7•
, _r

I

CPErATICh CARCS (CESCI_ISEE I1_ SECT l,C-a, a_I] CAR[_ FC_Iw^T_ ARE GI_E_'_
IN SECT 2,0-C) MAY BE II_SEXTEC aT ANY PLACE DE._I_O BY THE: US[_R,

RLIST - CALLtflG_CARC FCE RLEST FRCGRAM (L INK I,?.2CG)

FORMAT 17XAL,iXI_,I3,2F3.311 RLI$ I- 6
7 $

8- 13
I_- 15 $
16 X

IT-I_ '.tSX

20-2_ .XXX

25-28 .XXX

29-72

- SCALE
FORMAT

1- 6
7-t6

17420

SCJLE

21-72

ENC

eLA_K
CCMPIC - COMPC_O ICENTIFICATI_ CCCE
_La_K
(H)/(K)/(L)/(A) FCH LIST LEVEL BY LEVELS

o,

CaRD FOB F _ELAIIVE CaTA,
(A6eFIC,_ I_)

SCALES
+xx_x.xx_xSCALe_CTO,TC_ _C_ R_L,_tc._
$$XX GROUP ICE"TIFICATI6" 1I-6_) (t_)

VAL_ES _F SCALE F_CIeRS, SCALE CA_5
LCACEC AFTEW G_C_P_ZcR_ WILL NOT _E
AFFECT EC,

aNY LEGAL PbhC_IhG CESIREC_ CR 8LANK_,

C CARC,_AT (A6)
1" 6 ENCttl

7 $ BLAMK
8-72 ANY LEGAL Pb_C_I_G CESIRECz CR BLANKS.



C, FRCGRAN NECK ANO SUE_C_TI_ES FCR RL|ST PROGRAm,

LX_K 122C0 _Ll_i P_CG_A_

RRIS

RREJl

_4A|I_ PRGGRAW FCH PRI_FARING._.LIST OF R t VJLt_ES.

REICS BINARY REF_CTICh TaPE

.._

x

RHLS

HS_

R_flE

CLASSIFIES HEFLECTICfiS I_TC CGRRECT GkCCPS

CALCULATES _NO SICR_S SC_S F_ R CALCULATICNS

CALCULATES R VAL_ES FCR PRINT C_T



J

!

i

A. CARE C_CER S_ARY FCR P_OGRA_ TG SEARC_ FC_HIEH MA_
lllllllllllJllllllllill _JlllllllJtlllllillltllJlll

PRCGHA_ CJLLIhG CARC

SIGnaLS PECGhA_ TC EEG[_ CALC_LATI_h

2.3G6-AI
5/6_ ......

THIS P_GrA_ rEA_S -NTAPEe=, k_IC_ _ust 8E _ CC_P_unc H_FLECTIC_ l_P_
_h_ _kS_ HEAC =_T_PE_=_ k_lC_ _T EE THE BIhA_ _TPUT _F I'HE =F_U_
PR_GR_.T_PEIS P_EP_(S_.;_AP" CaRC_ F_ |CH 3 PAGE 2.¢C_X Tf_ SEE _ T_IS LATTE_

_RITES =_T_PEC= _EE_ -_TC_- CARE P_hCEI_G 15 $_ECIFIED 1_ P_KPIK C_H_.



O

....... 2o3G6-EI
....... 57-6+i .....

_ie PEKrxK - CALLZ_GC_.O FC_ P S_J_ P.c_RAk(L-iN-_eeo_ |
r_ FC Rt_AT ( 1 C. I tX2F! _AK

7 t I_LA_K
0 .- 8"13 CCI_FIC, TI_EC_P_CLihC |t_EI_I|FJCA[_I_t_L_L _E,

2_-_3 XXXX,,XXX+IX eESI_PRESSEO 11C A¥_iC R|IPPEL$) Tt_|$ IS TIIE

.......... -- --'_ - ' F T _- $ TI_ _14_lt.t+C/ BLANK V_ILLIE$ FRaM

34--3B X-XX-D_ _mmum_ _+ trc;m$-C+F-_,,unc,_: u. ' _P-_CTEPaTC BE Lt_C_TEO 'IN TEE _SS¥!_ET.m_'U._I,
• KXXXX _,llXtl_l_lq NLJI46ER CiF PEAKS TC El _S(JUGHT

+XXXX (BLaNKtt(I) (CO

• (eL,emKI/(X) - It_C m(3T+_Giee!Se_eCm'_s+:AeCl_FClm recites+_-+----ASk+,.,.+s penes

_O

3 <:J-z+3

44-48

49-_3

_,k,,.6 3

64-72

_XX_

5_Ua_EC (BLa_K Cfl C = 3._1

_O

_O

i,!

- ..,m+ c_mc.
FCRI_T (_61

E-72 JNY LEG_tt. PLiI_CI_II_G CESIRF.,C, CH BLANKS.



O

i

i

BYEEYE PROGRAN CALLING CAHC.

_SCaLE FCscALE IS TC] 8E 0 |E_

Eric ENO CARO, TC I_[IIJTE CALCULATION,

_hLY F_R

0

J

/

.L. •

w,am, REACS -NTAPEB= z**ze

**''' PUnChES CA_S Ch =_TAFCC= tw,,o

m,m,= _HLTES _[_AHY _TP_T _ =hT_PEE= Ille_

ii!

rO

_O



O

O

_o

i30

r_

@

_O
L";

TO

_O

_O

......... 2_-e _......

IN SEC .O-C/MAYBE|f_SIERTEi3ATA PLACEStREUBYTHEUSER.

SCALE

_c;_ ,=_FZC._,=_CALEt
T-16 SXXX_,XX_X SCALE FACTOR TG APPL_ T_ F REL (FLG.4)

17-20 SSXX G_P I[;ENTIFICATtCN (1-6_1 (1_)
A GRe_P l_EhTIl_ _F ZER_ _ILL APPLY
GVERALL F-RELATIVE SCALE TE SI'_t_E_
VAL_ES CF SCALE FACTORS, SCALE CARDS
LCACE_ AFTER GMC_P=ZE_ WILL NCT _E

.................. AFFECT_C21-7Z ANY LEGAL P_hCHIhG E_IRE_t CM _LANKS,

ENG - E_C CAR_.
F_RN_T (a6|

1- _ EN[;lll$ EL_NK
E-72 ANY LEGAL P_NCEIhG OESIREOo CE BLANKS,

=_O

_O .........



e

C. S_ORC_II_ES FCR oSYEeYE. PROGRAM.

L|_K 31CC0 CON_ERT SYSTE_ TAPE TO N_N-S_IEM FCgM_T5 .............

'+_ •

BYEEYE

ecz

SL II_

SQRuw

XLSCUT

PROGRAM TO ¢I_NWE_T _-RAV SYSTEM REFLECTICN IAPE TO _QN-SY_T-EM
INF_T FCRMATS,

+ .

B_fiAR¥ TC ZCNEC EEC|EAL.

FCRTRAN SHCRT LIST ifiFbT (_SLI).

(YS_R).

WRIIE BIJSING C]FI,WLS-1YPE BI_ARY REFLECTILC]I_ RILCGR_,.

..?.+

+ .



O

Ao

LL_K 3270G EXEC_TIG_ ERE_R EIAGhOST[C_ _G_A_.

_0

ENLIhK PR_GRA_ TG CALL EIAG_GSTLC SUERCUTI;_E,
i!.

CALLER CC_NTt_L $_BR_t|flE FCR X-raY SYSTEM,

ERREC EXECUT|_N ERRCE _|_G_CSTICS S_8RG_T[_E.

[CH_k FCRT_AN lhPUT-CUTP_T _LLERITH (_|_HIo

ICSk _CEIFIE_ FGRT_h IfiF_T-C_TPUT S_PERVIS_R (gl_S).

SPH_ _|F|E_ F_R_R_ _TCRAGE T_ PRINTER h_LLER[Th (_P_)o

$T_ _EOIF[E_ F_RI_ _TE_GE _ T_PE h_LLERLI_ (_STHIo

TES_ - FCRTR_ TEST L_ST _R|TE IgTES)o

gERg PCC1FIEC FCRT8_h 1APE HEllE ERRCR (gkE_),

12 C/0

_O



.7

©

B. ER_CR $1CPS RECGGNIZEC B_ =ERrEC-,

THE F_LLC_ING CCC ARE LT[LIZE_ e¥ _LlfiK _7GC- IN kRITING _uT
EXEC_T|CN ERROR C|AG ESNCSTICS,

HPR

_,1 -E_(_ FCRt4AT CHAI_JCTEH.

1,1

2,1

_3,1

(),3

1,3

2,3

Ore5

1,5

2,5

EAC ChJR.4CTER [fi II_PUT C._TA.

EAC CFAflACTEH IN |I_PI.JT CATA,

E,4C CI. ARACTEfl ifi [l_PLIT CATA,

EAC C_AR_CTEE II_It_PUT [_AT.6,

|/£] CEECI4 REAE_[I_G TAPE.

F1EI_hCEhCY F/_[LURE REACING T_PE (PERSISTANT),

ENC-CF-FILE Cfi T._PE NOT H_r.,i_LEL_ QY =CALLI::_=,

1/(_ CEECE _HITIhG T_PE,

REE]tdI_CEhCY CHECK HRITI_G T_PE.

ERASE FA|LUFIE CHECK _RITING T._PE.

ENC-CF-TAPE CHECK kRITING T_PE.

L_GIC_L t,,ll_IT r_CT I_ I_.

[ [,



APPENDIX I. LIST GF ENTR_ POINTS A_O FIRST CAHCS GF SYHB_LIC PROGRAM OECKS

L.J

C_

O

Q

SEXEC_ ABELE FORTRAN
a LABEL
u ROW
w FAP
qlESBEL - C_-LINE START CARl FOR X-rAY SYSTEM CN B5 _NCER DoLL MG_If_R
Q T_IS CA_C WILL iNITIATE T_E X_AY SYSTEM ON _5, P_I CAR_ iN _-LL_
u CJRC REACER P_T PROGHAM IAPE CN BSo CLEARt LCAC CARCS.
• ST_FF_Io RESPECTIVELY
• $$$RE_IRES IO_EE _RSIGN CF IC TABLES$$

LABEL

• FAP ....

• IB_CeR_A_ CN'L|fiE STAfiT C_C FOR X-RA_ _YS1EV CN 6_)TH _¢,_ -._"' .-,-,-'_'_''TE T_E ^_'" Y _,_,_. _,_ _. r_, _-_u _ u,_-_nc

n PRCV[_._. I_ _A_E F_R R_[F|NING NT|NM AN_ NTC_T_ AT a_FF*2 AND• ST_FF*I, RESPECT|rELY

LABEL
CABSCRB- EChO A SCRBTI_h CCERECTICN F_R EACH HEFLECTI_N.

S_BRC_TIN ABSORB

VERSION O N_V 62BLOCK 150_ APPLIC_T|CE _F ABSCHBTICN CORRECIICNS
C

C
C

C
C

• LABE_ITIA AESCRBIICN C_R_ECTION SUB-ROUTINE ABSORB.

VERSION WHICH APPLIES BCNC CORRECTI NS .'-- "
THIS "LOCK IS OES[GNEC TE REAC IN THEGC"NSTANTS

C
C
C
C
C

llllC_
1111_. _,

1_56_
IBSBE_
l_SeE_
le_BE_
I_SBEi

I_5BE_
I_SBE

LB_CC_
lBSCO_
tBSEC_
IBSCD_
IB_CO!

tB_CO_

ABSCO_
Aeso0_
ABSO(O
ABSO0_

VERSION WHICH APPLIES BCNC CORRECTIONb m.. B. NURUSIN AB
MAY BE ADVISABLE T_ TE_T JCCICE (2 = LESS-THAN,ABSQO_

I - OBSERVEDI. FREL IS _C_ STEREO. LPSQRT - I IF SQUA.E K_OT _SI AfiSC_
BE TAKEN BEFORE APPLICATION TC FREL OR LPS_RI = 2 IF FREL Ib 1 _R AB_CO(
I/LP. _Y CATA SPE{IFIC FOR ABSORPTION RE_IRED BY THE PRCGRA_ ABSOOi
SHC_&E HAVE BEEN HE_C IN BLOCK gCO. JAX eLLS T_E AX[S UF - A_$O_
ROTATION I=A,2mB,],C. NOTE THAT THERE AREIcIHER ORIENTATION CODES ABSO01

S_UARES SCATTERING FACTCWS ElC., ETC, ABSOO:
PRESERV_ THE ORDER CF T_E C_M_ON STORAG_ OH ELSE HEME_BCR T_ AB$CO

ABSCO.
ABSO0.
ABSIN_
A NI
ABSIN_

MCROSLN ABSINf
AnC S_ITCH SETT- A_SIN(

I_G5 RE_UIRE_ IN CRCE_ TC CALCULATE VARI_b_ KINCS OF ABSORPTION ROSIN(
CERHECTICNS. IT _bST ALS_ SkiTCM IN flL_CK I_C0 (IABSW)WHICH IS ABSIN(

C THE ChCE PER REFLECTION BLOCK. THIS ABSORB CARD WILL BE _EC_fih|ZECABS_
C ATANY tl,E AFTER A C_NCIT ION CARD IS HEAC. THEREFORE THIS _LCCK AB$IN,
C SHCULC BE INIIIALIIE_ ANC CANCEL BL_CK 15C_ UY MEANS UF [ABSW. AB_INI

c tc ONE THe IN THE PG _F _.ROGRA ABSIN_
C PRESERVE THE CRCER _F TEE COMMON STORAGE CH ELSE REMEMBER TG ABSI_i

CHANG CCNHCN IN S_BRCUTINES° "SYSTE_ CC_ON ASSIgNmENTS
LABEL

AINPT CONVERT AmBtC EY _At TC FLOATING POInt _UNBER IA(i)eI-l_3)

c OEteCt OECI_AL PLAC_ AFtE oecz_AC  cxnt (z eC)S_B_CUTINE AI_PT (AAtAtI C)
• LABEL
CAINPT PREPARE A(ll_ EETECT CEC_DMAL PLACES AFIER DEC. POINT

SbBRCbTINE AINPT I_Ao_elCECl:

" "_-CAC_TpLAB)_INT -CUT _/BmCIB,A,BmC IN ACCORDANCE wITH IHE ACCURACY

C SYSTEF CC_)CN ASSignmENTS
LABEL

•ARCCS ARCCCSINE ROUTINE
ENTRY AREAS

LABEL
CArR ARI_eNGESCALAR P_CC_CTS I_ CECREASING CRCER

S_BRC_TINE A,, ISI,S_C SYSTE_ CC_CN AS IGN_ IS
• L_BEC
mate - LEEK UP ATCN hA_E IN ATC_-TYPE CICTIONAHY
• ]e SEPT 61

ENTRY ATN

ABSIN_
AB Sti_,
AINPO(
AINPO|
AINPO(
AINPO_
AINBOI
AINPO|
AINPO(
A(]UT_
ADUTO(
AOUTO_
A(JtJTOc
ARCCS(
ARC(_S(
ARCCS(
ARRO0(
ARRO0!
ARRt_O(
AreOOl
ATNOQ(
ATNO0(
ATNOO4
ATN(]Ot
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e
i LABEL
CCC_
C
C

C
el

CCOOR

C

• .GRIM

S_B_O_TINE CCCR
S¥STE_ CCMMCN ASSIGnMEnTS
LABEL

A SCBHO_TINE TC _TCEE INTEGERS
ENTRY CR AM
ENTRY UECRJM

3,1-_
5/64

KEWR_TE THE SPACE GRC_P SYMBOL T_ OBeY IHE C_VENTI_ _
t2) TRANSFORM @ _N[ F LATTICE TO P FO_ MCNOCLINIC SYSTE_ CONVM(

_ (1) TO C_EY TEE PR|GR]IY R_LE ,C, EXCEPT 1 eC^ CQNVM(
E_,t,B'C,NS_BR_TINE C_NVM (_CC,ZoATItAT3,B COt_

SYSTE_ CC_MGN ASSIG_E_TS CONVM(
LABEL COORO(

COO1T(_
COORO(
COO1_
C_AMO(

IN LEAST _IGC|G _F F.P. _UF. CRAMO(
C_AM_

r,

L'.•

L_

CRA O 
• TEE CALLING SE(_tJEI_CE_ F(JR THIS S_B_CUT[t_E ,aRE C_Ae_O_

m CALL UNC RAM ' _ "e m , _-IPUSmlFLnW) CR_MOj
• m " " CR_MOI

• WHEN CRaM IS C_LLEO, ARG IS MCDIFIE0, STARTING _ITH IIS LLAST CRAMO]
• S!-ONIFIC_I_T GIG-ITS WIII_FIXED PCJINI VARIABLE iI HAVING A CRIMOH

- _.--_ -. .................... ,w.',-,,..,. ....... _..,. ,._,,i ,c o, _rcn ,_ ASIGCRAMoiCRAMOj• IELG. THE POSITION CF WHICE IS SPECIFIED, ST RYiN 'WIYH') * 'ZE  T• • GIG CF ARG ANC F|LLII_G I_ TC THE LEFT. bNCRAI_ E_TRICATES THE II CR_M_
• SFEC|F|EI_ LEAVING _RG tJNTHAt4MLEC. F(_R EXAMPLE....., CRAMOI
• C_LL CRA_(ARGeII,_]I CRANCI_
• PLACES Ll IN ARG AS i8 BINARY PLACES WIDE 17 NI_I_I]ERS + SIGN) IN C,_II CRAMOI

_• • P_SITION$ 20 TO 27 OF ARGE CKAMO;
HESTRtC--T_ ....... (_F) TieE-I=t-EL-C W ICTH MUST BE ONE GReATeR THA_ THE Cf_eMOI

::i! " MAGI_ITLCE CF I INCICATES II_ (]R_ER TC SAVE THE SIGN CRAMO;
i• • IB) A M_XI_UIW CF 17 2-BIT INTEGERS MAY BE _PCCIFIEC... CRAMO;L

m OR(CI A l, AxI_,_M FI_LC WICTH CF 35 CRAMO,
m CR.AMO;
• heeDLESS T(Q SAY THIS PWCGRAIw I_SEC IMPROPERLY WILL _IVE VErY CRAM•;

STRANGE RESL_LTS ........ EXERCISE CARE IN CHECK CUT - A C(_RE C_.AM0;
• CI_MP C_F TEE CRAMMEC fiL_WBEl_S t,_V BE WORTHWHILE C,_AMGi
• C R_40;
- LABEL DEGRO(
CCEGR CONVERT RACI_N ihTC i_EGREE DEGRO(

OEGROX

;;2

' ()

c s,s,e,,co,,,c, o G,o(
coE,.s,,,,,,cG,,,To O L,AF,,SFO. O ,.SO 

M_IIN PRCGR_M
• L ABE L DF _(_0(
CCFA _AI_ PRCGRA_ (IF CFS'_N_ ((_UKCYF) OFAOO_

VERSIE_N {IF g NOVEMBER 19_3 DFAOO(
C ELOCK (DO INTER-FRC(_R_M STORAGE ALLOCAIIUh. tHiS IS PRIJGRA_ OFAO0(

CC INTER-CCMMUNICATI{]N ANC II_T_RL(]CUTICN, CI_A_GES HERO AFFECT ALL OFAOOiTHE PROGRAMS AhC SUbPROGRaMS CF THE FC FAMILY, AS _I:LL AS MANY OFAO0_
C OTHER PROGRAMS I_HICE SHARE THE BINARY IAPE. CAVEAT IwII3C_-R....DFA00(
C CIMENSI_N STATEMEI_IS ANC COMMON STORAGE. DF_O0(
C CONTR{_L-PflOGRAM CCIwMUt_ICATICN RE'tON OFAOC_,

_Alfi PREGRAI_

• LABE_ DFF_Q(CCFFC TRUCTURE FACT{_RS AfiC GENERATOR FCH C IFSYN DFFCO(
C DFFCO(

S_BRCt_T the CIFTW_(IF2_W) DFFCO_
UPCATEO ON DECEMBER 62 _]FFCO(
FC '1$ IN F(_RTR_N RdTHER THA_ AS A SIjBRUUIINE L3_:FCO_
GENERBTIOI_ OF SYMI_ETRIC PARAMETERS ANI_ CA OF STRI_CIIQRE I_A-CT_RS, OF-Ie%'O_CC

l_ GENERATII_N CF PARAMETERS FGR ALL ASYMMEIHIC UNITS, CALCULATIC_I_ DFFCO(
G OF FC, ANC CPERAIIQhS WITH SUMMARY CATA. DFFCQ(
C VEHSlON OF g NOVEMBER I_3 OFFCO(
C BLOCK OO INTER-PROGRAM STORAGE ALLOCATIC]_, THIS IS PRUC_RA_ UFFCOI

INTER-CC_IWUNICAIICN A_C I_TERLI_CUTIIJN. CIIANGES HERI: AFFECT ;_LL OFFCO_
C

THE PRI_GRANS AI_C SL_I_PE_GRAMS CF THE_ FC FAMILY AS WELL _S MANY DFFCOiC (_II_ER PROGRAMS WI_ICE SHARE THE BII_.R. T_P|:. _AVEAT TWICOI.ER...,DFFC0

MEI_StCN $-iAlEMEhtS _NC CCMI_CN )TORAGb, OFFCO_C CC_NTRCL'FROGRAM CCIwMUI_ICATICN REuION UFFCOi
• LABEL OFG_W(Qi
CCFGN GENRAT OF CIFS'/N rOFGN(ji
C i}FGNO;

SI_BR(]IJTINE GENRAT iMIhl, NaX|eKILC) OFIGNOi
C I_FGNOi
C VERSION OF g NOVEMBEfi 1_63 OFGNO_
C BLOCK CO ......INTER-PROGraM STORAGE ALLOCATIOI_ THIS IS P_t.6_A_ DFGNO;

THE PROGRAMS AfiC SUBPROGRAMS CF THE FC FAMILY, AS WeLL AS MAN DFGN(]I
C (_?HER PRC]GRAMS WEICl_ bHARE THE BINARY t_PL. CAVEAT WICCLE_° .DFGNO(

cC CIMENSIfJN STATEMEhIS _NC CCPt_CN STORAGE. DFGNOICONTROL-PROGRAM CClWMLJI_ICATICN REGION DFGNO_



lie

ie
C

Z

_h

2•

C

%

:3

9

CCFRC

C

LABEL
REFLECTICt_ TAPE REAOER FCR-CIFSYN

S_8RC_TINE REAOE iV RSICN CF g NQ_ IWBE_ 1_6)
V RSICN CF 9 NO_ t_BE_ 1_63

3.1-5

DFRO0
.... OEmO0

OFROO
OFROa
OegO_

BLOCK OO INTER-PRGGRAM STORAGE ALLGCATIU_. THIS IS PROGRAM DFROO
INTER-CGNNUNICATIQN A_O INTERLOCUTION. CHAN_ES HENt AFFECT ALL OrROO
THE PRGGRAHS ABE SUEPRCGRAMS CF THE FC FA_ILYt AS _-_L_--AS_A_Y DF_

C _THER PRCGRAMS WEICF SHARE THE BINARY TAPE. CAVEAT T_IDOLER....DFROO
CIMENSION _TATEMENTS ANC COMMCN STORAGE. DF_
CCNTR_L-PR GRAM C_M_hICJTIGN REGI_ DFRDO

• LABEL DFSQO
COFSC S-C_V_flAR_cTER SE|FTS FOR 01FSYN
C

DFSQO
C S_BR_TINE S_LVP_(AtFU_ITABEtNAME,IERR,PS) OFS_

C
C

C
C

CCFTS

C
C
C
C
C

CCFXP

C

C
C
C
C
C
C
C

el

MCH(_S II_i-JAN 62.
_;ERE_SCNABLE _S$_MP|I_fi THA'T';:PEAK _E|GH, A, AIC,

LABEL
$CLYE TEMPERATt, flE FACTCR SHIFTS FCR GIFSYN

S_BRO_TINE SoLVTM(ZtlB,ITAPE,NAME_IERR)

THIS SUBRCUTI_E SELVES TEMP. FACTOR MAIKIX REI_RhIhG errOR
IF CHANGE ARE GREAIER THAN C.C2 F_R BETAS

M_RCSIN-JA_ 62

LABEL
EXPAN_ ATCM BANE F_H CIFSYN

S_BR_TI_E EXPANCIIL_F,I_CXCN )

OFSQO
DFS_
DF$O0
DFS_Q

DFSQQ

DFSQO
DFSQQ
DFTSC
OFTSG

.... OFTS_
DFTSO
DFTSO
DFTSO
DFTSO
DFTSG
DFTS_
DFTSO
DFXP_
DFXPO
DFXPO.
DFXPG_
DFXPO_
_FXBO
DFXPC,
DFXPOJ
DFXPO;
DFXPG

CALL E_P_ ( ILCF Ih_h)tHIS I ExPAnC AtC S znoxc.
_r _aantC 7OR _ Men,SIN JAN _ZVERSI F 9 NCVE_BE. ]_63

BLOCK O0 INTER-PROGRAM STCRAGE ALLCCATIGh. THIS IS PR_(;RA, DFXPC

INIER-C_MMU_ICAIIC_ AhC IhT_RL_CUTIC_ CHANGES HER_ AFFECT ALL DFXPO
THE PRCGRAMS ANC SUBPRCGRAMS _F THE r_ FAMILY. AS weLL AS NA_Y DFXPO
ETHER PROGRAMS W_IC_ SHARE THE BINARY TAPb. CAVEAT TwICCLE_....DFXPO

CIMENSION STATEMenTS _NC CCMMC_ STORAGE. DFXPO
CGNTRCL-PRCGRAM _.PMU_ICATICN REGION OFXPO

DI_O_LABEL
SUBRCUTINE OIMEN TC _ETERMINE CIMENSIGN CF A REFLECTLG;_
ENTRY _IMEN

THE C|M_NSI_fi _F A _EFLECTI_NTHIS IS A S_BROUTINE TC CETER._IhE

STORED IN TH_ SEC_C ME,BEN _F THE CALLING SEQUENCE IS AIF TH rEFLI!CTICh IS CC,G
_' _ IHE REFLICIICh IS COL

 [FU CT,C.
_5 IF I_E ELi C, ICh IS OKL

REFLIcCTICh IS HKC

= C_NTA[NING THE THRE_ [NCICE$ I_ THE CRCER L,K,H Eft FIEL_ [U _ICE
• LABE_

ENTRY _UMP
ENTRY P_MP , :;

CBC_AIN PROGRAM
• LABEL
•CSG_ " F__ CCUBLE FRECISIC_ SCUARE RCOi FCNCIION (_0_!
* LABEL

___ _S_W _ F_RTRA_ COBBLE PRECISICN SO,ARE RCCT F_CTIC_ (g_S_)
• 1H|s PRCGRAM IS A MCCIFICATI_N UF
• IBSQCtA SHARE CISTRIEUTICN.

ENTRY C SQRT

DIMO0.
DIMCO_
DIMO0_
O IMO0_
OI IWO0_
oIMO0_
o] M(]O,
Ol MO_
DIMO0

N. 0
OIM_ODI

OIMO0_
O IMOOC
OI_O0
ONPO0!

t)_PO0_
ONPO0(
nMPOOi
l]L]TOOw
OOTCO_

OPS_JO_
DPSUO_
DSQ_W_
DSQUW
OSQUW
DSQUW
OS¢_W:



I

ES!
E

E

ESQOl
ES(
E
ES_



_r 3.1-7 ---
516_

a CFOCB A SUBROUTINEtC TAKECA_EOFBELLMO_,T_Run LIN,_C^_OS
0 sue,cutzN_FOCLBE

-- ¢ __P I5 FEE 196]c x-naY62 CARo,EA_ _nCE,_eLLSYSTEm.

suBRoutINE! FOsuM
C _ERsIcN CF FEE 2C1_ _tAtE_ENTS FCR FGtdrlER ACUTInEs• c cc_Mcn ARCOI_ENS,C.g_

• LABEL E×E._
mEXE_W EXECUTION ERRCw MONITOR FOR X-RAY SYSTEM ExE_

ENTRY 1_ _ E_
! EXEM_

ENTRY (^

m SEPARATE _INK (ERREC_ LINK NO. 327CC1 WHERE T_E_E IS MO_E RO_M T_ E_E_
• WAX LOQUACIOUS, E×EM01

L_B
FCAO_.LCUL_TXC_ OF STR_CTbxE F_CTORS. FCAOO_

eFC_LC E_TRY FCALC FCAO0
ENTRY SEMICN FOR M_LTIPLE TAFE_ F'C_OO

• CALLING SEQUENCE FCALC(K) w_ERE FCALCIK) AN_ K B_C_ME NON ZERO IF FCAO0
• A_C C_LY IF THE FC PROGRAM CETECTS AN I_C_RABLE ERK_A, FCAO0

L_BEL FC_O0

c'CFccNE 22 M_RCH 63 FCCOOFC PR_GRA_ (LIhW !COO). PArAMETEr L_InG Ano ST_r=nG. FCO00

FCCO0INTER-COMMUNICATION ARC I_;_iERLOCUTION. CHANGES MErE AFFECT ALL FCOO0
the PROGRAMS AhC SUePRCGRA_S CF THE PC FAMILY _S W[LLA5 fl_nY -F'_O0

C
C ....S....... _Mc _tC_ 5_AE THE _INARV T_PE. ,_.,

CCNTREL-PROGRAM CCEMU_ICATICN REGION FE_O0
_AIN PROGRAM

FCPA$
L_e_OUM_Y_C_L_CWS.__ATC_nG OF FC. _c_AT"FCPACHENIRY ACH FcP_T

EntRY _FC_ ec--_

Lcu_.sR t_°_Ju_|F_RAEFCReT_EeI_ARvout_u_tA_EIS _,_t,_N. _CP_T• PERMITS Ch _ REFLECTION BY WRITING A F_RT_AN _R F_P FCP_T

CFCSU_ CCUXULATES S _ FOR r AnO rESCALE In FC PRoGrAM. FCS_O
S_BRCUTINE F_SUM_.rO,CF) FCSMO

C VERSION OF NOV 6_ FCSMO
C -FCSXO
C INTER-COMMUNICATIC_ A_ I_TERLGC_TICN CHANGES _RE AFFECT ALL FCSMO

THE FRGGRAMS A_C SUBPROGRAMS _F THE F_ FAMILY AS WELL AS MANY FCSMO
OTHER PROGRAMS wEIC_ S_ARE THE BINARY T_P_. _AVEAT TWICCLERo..oFCSMO

C CIMENSION STATEMENTS _C C_MMCN STORAGE. FCSMO
C CONTROL-PROGRAM CC_M_hlC_TIC_ REGION FCSt_LO
• LAB_ FCTOO(
CFCIWC -.. PROGRAM (LINK tOOl). CALLS GE_rAI, FCALC, GIVES StATISTiCS. FCTO0(
C GENERATION CF Pa_AXETerS FOR ALL ASYMMETRIC units, CALCULATIOn eCTO(_

OF FC_ ARC OPERATIONS WITM SUMMARY _ATA, FCTO0_VERSION OF NOV 6_ FCTO0_
C FCTOOi
C CLOCK O0 INTER-FRCGR_M STURAGE ALLOCATION. THIS IS PHCE;RA_ FCTOO(

ER-CGMN_ICATI_NSU_pACGRAMSANCI_TERL_CUTIO_THcr_ C_NGES MERE AFFECT ALL FCTO0_
C OTHER PROGRAMS wEIC_ SHA_E T_E BINAXY TAPE _A_EAT T_ICCLE_...,FCTOO,
C CIM_NS-Ii_NSTATEMEflT_ _NC C_MMCN STORAGE, FCTO_

C _AINCCNTRCL'FRCGRAMPHCGRAMCOmMUnICaTION REGION FCTO0

• LABEL F{IFNO_
CF_FU_ - FOURIER REFLECTION REACI_G_ GENERAT_R_ _;'_C FOS_M F=_UER. F_FNO_

SbBRC_T|NE FCF , FOFNG(

C A SUBROUTINE FOR R OING tHE REFLECTION T_PE AnO PrEPArinG tHE F_FNO(
G CORRECT SET OF REF_{I|_NS FOR F SUM THE FOURIER SUMMATIO_ FOFN(_
C FR_GRAM. ALL QUAMIIII TO TH PRGGHAMS E HELO IN CGFMCh FOFNO(
C ST CA ICE, CALLING SE_U C CALL FCFUN F_F_q_

CCMMC_ ANO OlMENSICN _IATEMENTS FOR FOURIER HUUTINES F_FNO_FUFNO(
C S¥_E_ COMMON ASSIGNMENTS ;_ FOFNO_
• LABEL FOMPO(
CxAP SU|RaUTINE FOR SPECIAL FO_t'ER PRINT FEATURES, FOMPO_

SU_T INE MAP F_fl_
C _ER$1CN CF 7 MAY 1_63 FOMPO_

CCM_CN ANC CI_ENSIE_ STaTEMEnTS Far FOURIER R_UTIhES FOMPOFOMPOi
C SYSTEM C_MMON AS$1G_MENTS F_MPO!
• L_8EL FOCBO_

F{JCiBO]
FO(]B01
FOCBCt
FOCBO_
FOSMCI
FOSMOI
FOSMO_
FOSMO_
FOSMO!
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* LABEL FOUaO0(

O + vEinStOm eF ze +me z,ge+ FOUCOOi+ .,+c,+,++, -c ._. +_._.++,_++.,+ _l,i,_,s-,,, +,,+_++|, ++ .+t. ,cc_,,. FEIUaQU;c s,_ GEm,,,.+._c,_,<,_,,..,,, ,,,_.c.,,_,_..o c,_,,,,,.,.s,,..=_,+,.+.,;o,, • ,:o.,om
C -[_,_RE CETA[LEm +CES(:;RII_I lOIN-........................... + ........................
C _ FQUOO0I
C CCNN(_ aNC 13II_EN$/_(_STaTEI_ENTS FOR FGURIEA Ri3UTI_ES .FQUQO_
C FOUQQI(
c +. +.,SVSTE_'_._,.,,Ce_MON..aSSZG_ENTS _OUeOZ_

P,ml In I"' _ lJ _ I_ Im r'q

• *FPTU_ - FC]PTRAN FL(_ATIhG PElleT TRAP RC]t.JTXNE (_FPI').
-- ENTRY .... (-l_°-T) -- ................ F PI:+QQO.4

• LABEL F_ECOOI
CECCAL EI_t_-_i.CCK-CL/tCLL_ATCR l:l_l_ =FOU_EF- F_

• S_B_G_TINE ECCAL (LL ! F.._Eg_o _

_.F+REF z'++m_ FOURIER REFIfiENENT PRC_GR_M - HA+_K |[[ IL, Z_,_, _J+O0) F_+_!

_lh P_CGRA_

_!0 CSFC_L .... _TRUCTURE FACICR C_LC_LATICN CF =FCU_F-

:: -- ...............C ...... _Y_Tc_ CC_uH ASSI_cn_

• _K dLCULAT_A FC_ ,F_EF= FXPKO01
_ORC_T[ E PKCALI_fllthPK_UP) " FR_3KO_,

C SYSTE_ CC_C_ _SSIG_ENTS FRPKOO:

_• CGECC - COMPUTE T_ THET_.
+_ " S_BflC_TINE C_NPREC v_v+_,

'_ * LABEL +
_ S_C_TINE E_FH23

i_ • • LABEL GEFOOOI

" L_BEL ...... u_nuuu,
E_C GENOOO

GENCO+,SUBROUTINE GE_CHK

C A FORTRAN SUBBuuI|_E 1G CHECK SYMmeTRY UP+H_TZ+NS _UPPhIEC TO _AT_GENCO0+
'_ C REDUCTION PRGGRAE _ P_T THE_ IN PR_PE_ F_R_ FOR GE_ THE GF_CO0

I C TEE+SYNO_ !ATRI._LAR_ CHECKEO FOR ROWS C_ C_L_NS CF ZEmO$. IF GENCOO

C CR HIGHER SYM_ETHY(HKL_-EKL,H-KLt-H-KL))_ CHECK [5 _ACE TC _AKE GENCOI
C S_RE ALL SETS HAVE E_AL _BERS CF ENI_It+. GENC_Q_

':+'• C THE S_BROUTINE IS CALLEC BY C_LL GENCHK GENCO[
ji_ C _LL NECESSARY _UAh]ITIES ARE [_ CC_Cfi STORAGE. _ . GE_01
__ _ _F_ RETOOK THE CC_E_ _t_I_TtTY KTt_E_t'K._LO 8k CHEC_30 _=-_N_ ......... GEN_G_I

C ERRORS +aNUMBER _F ERRORS CETECTEC AN_ _ESCrI_EC _N EHROR T_PE. GENCOll
_• C PRESERVE THE CRCER CF THE CC_ STGRAGE CR ELSE RE_E_B_ T_ GENCO[
!, C ORANGE COMMON 1_ S_eRCUiI_ES. ..... G_C_
. C SYSTE_ CO,NON _SSIGhNENTS G_NCOLI



3.1-9

m _.tAAB_in_ GEWRtENR(
•-- " ENTRGENR'-_E4_.... G .... _ ........... " ............. -"''_'_" ""- " -_ _-

• A.F_A:_A_'_]_'' P' GR'__ T GEN R ' 'C C 'ARANE ER$ FC 'lie _ "'J_'

_-_ • LC2ACEI_ iPA$S 1)__ IN TEE _RH I_F R£CC_RC$ 4 A_C 6 CF J_BINARY TAPE.

: : T. NAK S-2.P .K THE _ AME F- I-I NCLVkS T FRIJOL All

TI'II$ POINT_ ANI3 AhlSI_TAI3P/C TEMP FACTC_RS ALRE EXPANCEC INTC 9-kORO GENR|
• FI_ TI AH_ R R I_TRIC S .... GE

. GENRI

TEE GENERATE[_ ATC/_S ARE SIACKEC UP _T THE TOP _F THE _T(]_ ARRAY_ GENRO,

• T_=_'!_AL aeeaY Play O_|ntaP _E so_eCE _nnav, ,_S OEFe_e., TliE LAVC_UTSt_O.

• PLACEt_ BY UNEe S(] TIlE SYMECLIC aI_CRESS IS L HI(,IIER THAN r_E ACTUAL GENRO 1.
v• • STC_GE LCCATICN. |1_ T_E RENARKS THRGUGHG_T THIS S_R_I_--UTINE IT IS GENRO

• Ti_E-SYNSCLIC ACCRESS _I_ICF _S-_-_EL_-T_-B-V Ti_E--_-CWC--A-_C_-. ...... GE_
II

I I A l:l g 1

• _.,

CGE 29 JUhE 63
_; C

_ _!_ P__

_O
_9

i 7 •

(

17L

i.2 •

i•

GENR02
.... G_ SCI_

AhGLES FCR G.E. CRYSTAL

GCSCLC
Ge_Nc
GESTO(

C_IE_ TEI_

CGES - 'T SYSTEN_TIC _eSE_CE5 F_ PCA2(L) GE_VS(
C -GET SYSTEMATIC AESE_CE$ FGR PCA2Cti uc_,:,
• GESYS_Fo_LABEL GRAF

c , GRA_O_
T_E CALL !NG STJLTEIC_T--LS-_-CALL GRAPHIGRAFTL_LNO,ORDS._PTS. _RAFO_

C _SP_CE). G_FTL 1S T_E _A_E CF AN 11_6 _RKAY C_NTAINt_G Tlik GRAEO_
C GR_P_-S TITLE. KIhC _S _ V_LUE CF l, 2, _R 3o IF KINu IS 1, THEGRAFO_

---Cfifl_ _iLL EE _SEu _CC_Lu zO_.--_-__ 2, _LL _R_$ _iLL _E GR3IFO_

NULT[PLIEC.BY A F_CT_H 5_CH THAT THE _AXI_E_ CR_ rILL 8E E_UAL TC GK_FOC__ _R LESS T_N 100o IF KIfiC IS A 3. T_ GRAP_S rILL BE _E - _E G.8_P_EO__
C CERHESP_NCING TO KI_O-= I-t ,-T_E CTfiE_-TO K[_-: 2, _05 [S ......... GR_-_
C CI_ENSI_NEC 5C0 _hC REPRESENTS THE ORDINATES. N_XPT$ IS [H_ _ GRAFO|
C _J_X|NUNNUI_EA OF _|hTS T_ _E PLOTTEC. hSPACE C_R_E_._PCNLS T_ G_AFO-1
C AN ABSC[SS_ AXIS SCALE, IT IS TliE _U_BER _F L|_ES ^L_NG [li_ GRAFOI

S_BR_TINE GR_PH(G_AFIL_KI_C_CECSeMAXPT_ehSPAC_) G_FC|
C GRAECJ

• L'E_h GUOO0(•GU ENTIFIES EVEfi-CCC CC.CITICN OF INCICE5 GUOOO(
ENT.¥ GEEY_U GUO00(

O



aa EL HOLLLG_G

* A FORTRAN SUBROUTINE ,C_ E,_AM|NE A FLC]ATING POINT NUMBER AND RETURN AI_ HOLLO(_

=i_ERE _RGUNENT IS A SI(_NEC FLC=TING POINT YARI_ELE Ih NEE; _F BCOIZIi_GH_H{JI" u_J
e AI_SWER WILL BE RETURNEC A5 a EC_ LEFT JUSI|FIEI3 A2 CHARAC[E_: _, ACCGI_DINGHOLLO|
a TC TEE FCLLL]WING...... HOLLO=
" IF Ii_E ARGUMENT IS AI_ I_TEGER LESS THAN ZG.O IHE INTEGER ITSELF i_ HC]LLO_

- tF THE AR6U_ENT IS Gf_EATEf_ TIe-iN _,O etJ tS INIEGcR_" t TktEN N i5 Hull-O|
= FLACEC IN JNSWER _tNC ICC_CE IS SET E_UAL TE 2 HOLLO_
• IF, TI_E ARGUNENI_ IS EXA_TL_ 1/2 H IS RET_R_EC A_N{_ AN [C(]_E f1F 3 HO_LOLANY OTHER NUI_BER [S RElURI_E(_ AS X Aft0 |COLE AS :4 Hell:O|

L;) •

L O

C

1,2

_O

_O

O
4

t
Ht_LLOL

- PLLi$ NUMBERS ARE REIIj.R_EC _,ITH A _LANK ML_i_S _!TH A !_._NUS SIG_.o.._OLLO_
• TI_E ARGUMENT IS NOT CESTRCYE{] IN THE PROCESS r uL_.u._
• FRACTIONS SMALLER THAN 2 I(] II_E MINUS 12TH ARE IREATE_ THE CLCS[:SI INTHOLLO2
• - L_BEL ....... .......... tNP-TOO

A OC I I_ f" T I rllu I_ /I lr A CI'_ r'% A T A D I_ I_ t _Im I_ I I'_ f.t | _1O "lr _z_El, PT R=,.,_S • ,.F ............. P. ,..,.......... • ........

VERSION OF Y 2 I :_ = ,
FOR STO U.W. FCRIw_IS (_R CEALERS CHOICE I INCLtJOES BINARY) INPT(]O

CALt.E_ BY CATA RE£1,1CT|_N BY C_LL INPI_T|KRE_C). THE FLY, ST T.IeE I3._INPIO0
CALLS, KREAO IS OI_E (I). IF KREAC IS CHANOEfl TO] 2t THE MAI_ INPTOO
PRC]GR_N STOPS REAL|NO TEE RCO INPUT TAPE _hTil StJCH TIM, THAT INPTOO

C TAPE ANti SI_PPLYIhG ANOTHER VERSION OF THIS SIjBROL_II,_E RCFLECTILI S I IO()
(_ MAY BE PRGCESSEC IN AhV FORMAl OESIREC. THE MAIN PROGRAM OEMANL_S INPTOI

TI_AT THE i=CLECWING (;L_ANT[IIES BE CELIVEREC _ H, _|vEL, jCL_CE (II2/3,INPTOICC (]BS.ILESS THAI_IEXTIhCI), RAY [ I, F•=2o F [RELA C]H ARSCLUTt:)).INPTOI
C INPTOL

REQUIRES SUBRCUTIf_E XBTSNI_ I_PTO]
C _EAg INTENSITY CARLo LLLB = L MEAINS I_SL_AL _,_PTOJF_RMAT, LLL_ =l: 2 NEONS
C MARK SENSE FORMAT. .... ._PT_-]
C 3 MEANS CEALERS CliO]ICE INPTO

BLOCK |GO0 ANC 7SGC IhTEN$ITY CARCS. INPTO!
C PRESERVE THE CRCER eF THE CCMMI_N STORAGE CR _LSE _E_E_B_IR TC " [NPXOI
C CHANGE COMMON IN SI_BRC_TII_ES. INPTO2
C S¥STEt_ COMMON ASSIGNMENTS INPTO_
• LABEL INV300
CIN_33 - INVERT 3X3 MATriX (JI_RCANtCEKKER) HICI_ SEPT 62 INV3fJ¢

SL_BR(_TLNE INY33(=_ I_IV_IOC_
IUBOOO

• RTRAN INFUT-EUTPt.T BINARY (91081, (JAr_. lcJ6fl) IOEO00
IOBOCO

• LIE]B) INPUI-E]LilPL_T BIhAR¥ L_SEO BY (Sit]),, (TSE)o l(]OO00
• IOBO00

m RTRAN INPUT-fltJTPLiT I_CLLERITH (glGH), I_HOO_
, . " ..... - 101_000_
m(ICH) INPUT-_tJTPIJT HOLLERITH L_SEO BY iI_I_),(STHI,(CSHIt(SCH), ICJHO00 t
• _. _ ANC (SPHI. IUHOO_

RY t ) IOHCOO
ENTRY (RTN) IC1_

xoswgo l
• LABEL IOSNO_

IC_SW_OS_ MOCIFIEC FGN I_ IN COMNO:_mIGSW - |fiPUT-CUTPUT SUPEI_VISOR (I(_ ING SbBR(]UTINE JANUARY i9_0FOLLOWING IS THE IBM/APFLIEC BRUGR
• (IWCCIFIEC TG USE (EXE)) _ITH A FEW MINOR EMBELLISHMENTS. IOSWO0,
• (I) ENTRIES HAVE EIEEh rt_E]_li3EC tN THE VECTL_ CF IiL_ CCMM_fwO$ FO_ THE IOSWO_• LNSTRUCTIF_NS (LCH| ANC (SO) (BOTH HAVE E Li_L_AL ACCRE3S_S 0,_.) IOSWOC
• (2) THE PR£1GR_M EXPECTS T_ |flu TABLE TO HAVE _EEN STIRRED (IN THE IOSWO0
• INVERSE QF ITS UStJAL CReeP) [_ CC!MMGN AT LIEU. [OSWOt-
• IUSWOI

ENII_ (ICSW) IOSWOIEN (lOS' IOSWOi
ENTRY .UNIT. It3SWO L
ENT(_ ¥ "(RDS) IC_SWOi
ENTRY "(WRS) IQSWOI
ENTRY -(B.SR) IOSWOL
EN TRY- "tWEF ) I OSWOL:
ENTRY "(REw, IL_SWOL
E_IRY -(ETT) IOSWOZ
ENTitY -|REH) , IOSWQ2
ENTRY _ILCH) IOSW02
ENTITY t SOl-l, ) IOSWOZ
ENTRY -(TEF) IOSW02

-_1 Nil- I Inn nnl
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3.1-11
• ............... S/e,,_; ___

• LkBEL |OUeE
m|Ct_SEL _P_T-_TPJ_X H(_l_XlhE -REPLACES I:_RAN (gI_U) nELL I_]_IT-_** |0_

0 ENTRY ( [OU ) IOUBE
• LABEL [OUN(J

............w|CtMN ----t_T-E_TPt2T-H(_t_Tlh_E. _Et_L-_CES -FL_I_h _ tg|_f.---tJ-_P _W-SPE_-iF_C.-tOU-HQ
ENTRY (I(]U) l OUi_0

LISQOt FLtBEFLc• LIST PUELICATICN LISTING FRCN SYS. TAPE dr 650 CA_O$. LISQO
* LI SO•
a NAKE LIKE A GOOC 5YS1E_ PRCGR_I_ AND CALL CALLer LISQO
" LABEL LIST|
CLISTIN REAL 8|NARY REFLECT|_N REC(]RDS FOR L]STFC PREGHAM LISTI

StJE_G_TtNE ttSTlfillGt_ oIF(],IFCtli_EJ,LTCCCIH,IKtILt[AtIB) ........... Lf-S-T-f

• L_BELAR LI SKO
O St_8_UCR(JT 'NC C_ECfi cFIR_T SEVEN RECC]ROS _F EiN_' TAPE F_R FCLIST LISKOINE LISTKF( IREClef [C, $C) L|SKO

CLIST_

C 1717163
L_BEL

_=LIST_P - LISTING T_PE _PCaIE PRCG_

• LOGU TRM_L F_c_I_T|I_LI_ I_-II_T I.CG" RCUT |HE

ENTRY L_G

*
I

"LSACS

CLSCRT
C

CLS_E_

c

_ C

!e c c

L|SKG
LzS_
LISUO
LOGOO

L_GOQ
LOGOO
LGGOO

********e****o*_o*=e***o***********o...o******e*******e***eeL_GO0

L GaO
LABEL LS_CC

ARCGS ANg ARCSI_ _BRC_TIhE
ENIRY _RCGS
ENTRY _RCSIN

L_BEL
S_BR_UTINE CER_IS -- RC_T5 _F _ C_EIC E_uA[lQfi

LS

LSACO
LSC_O
LSCRo
LSC_O

S_BRC_TINE CERUTS (_ HE, CC.o CCe _ISC, ¥o K3OL) LSCRO
L_OEL LSHEO

SUBROUTINE LSHE_ -- SEL-NS CF THREE H_CGEhE_U$ ECU_TIC_S -LSHE-O
LSHEO

t_lS IS _ _BR_UTIhE _ESI_EC t_ GIVE _ S_LN FCr t_re_ HC_CG_. uSHEO
E_UATIGNsScF THREE UN_NC_NS. THE S_LN RET_r_EC [S _f C_U_SE _CT LS_EO

B_T [
UNIfiER_ R_C:A-_L[S PRCPCRTICfiaL TC THE DESIREO .SELN" E LSHEOIN T_E LSHEO

NG SE_EN_E _IC_T Is THE C_R_ENT BCBTE_TP_T TC THEP ! _ S THE (:3:_3'F;,_;_:_x OF THE C_.EF. _..CF:.-H E_S., X IS THELSHEO

'LL O_ _R CAN-T BE C_"E BY THE C_RRESPCNCT_G VALUES CF Zfi_C _H LSHEO
NEo LSHEO
SEBRCETINE LS_E_ (_TCEToCoX,|ERR) LSHE_

* L_BEL LS_IV
CLS_IV SUBROUTINE _ATlfi_ -" 3_3 HATRIX INVERSIC_ LSNIV
C LS_IV

S_BRC_TINE N_T _ 8, JCETZ _INANTC I_VERSE,8o CF H _E_ DETE ,
e L_BEL LSflNP
CLS_PY S_BR_UTINE _AT_FY "" _TRIx _ULTIPL¥ LSNNP
C LSNNP

S_8RCUTINE NAT_P_ (Aofi _ _ tC') LS_NP

* LA_L LSPO0CLS_PL _ST S_UARES PLA_E _NC L|_E PROGRAM LSPQO
C VERSIC_ AS _F 6 A_G_ST l_63 CHASTAIN' LSPO_

ile

CI_CL

0

LSPO0

_ T_E._E_ETHCCAL.cuTPuTACTACFTERNI_CL_G_C_YsT.CALC_LAT121C_:_ISL'RGELY_Lg_I.F_LL_S.THAT GLVE_ OY V. _CH_AKER, LSPooLSP_O
_S a'ee'h_ an_ C _re tHE vECTe_LSPO0

CEFINING THE _NIT CELL A ZER_ 8 ZERCt C ZEHG _RE THE n_G- LSPOO
NITUgES CF A_ 8t _EC C'TEX*E Ye _NC Z ARE The FRACTICNAL CCCHO- LSPOONATES GF THE ATCP5 I_ CIHECT CELL LSPOC
_HE CRT_CGCNAL-_NGSTRC_ SP_Cb IS nEFIN_D AS THREE _RT|'I_AL LSPOO
VECTCRS_ I_ Jt A_C K, EhE ANGSTRC_ IN _AGNIT_CE _tTH i _ARALL_L LSPO0
TC A, K PERPEND[CEL_R TC _ IN TEE PL E EF _ M_g C, A_C J LSP00a_c  ERPE   CUL R C. LSPCO

C LSPO0
C i LSPOG

_AIN PHCGR_N
L_EEL MCLO_

_CNCCL DEAL EIT_ _CNCCLI_IC SYSTE_ MCLO0

TE_ CC_NCN assl h_k NCLO0
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I

e

rj

C_

LL •

L_

Z

C,
(Z

i9

{b3

_6

_5

}2

K')

CMC[F
C
C
C
C
C
C
C
C
C

C

C
C
C
C
C
C
C
g
C
C
C
C
C
C
C
C
C

C
C
C
C
C

LABEL
- A PROGRAM FOR UPIQATIhG CA ALTERING A REFLECTION IAPE

MCCIFY A REFLECTION TAPE 8Y REPLACING A 5PECIFiEO QUArwTITVo
VERSION C_F MAY 2 ICJ63

LINK 1(]600 IN CALLEHS [_ICTIGNARY

ONLY _0(]0 REFLECTIONS MAY BE CHANGEC IN {]he P_SS CCWN
THE T_PE

ThE FC_RNAT OF THE MCCIFY CARe IS kS FOLLC]WS

THE REFLECTION CARCS AHE THE SAME GENERAL FI_R_AT
AS FC_R CATA REOUCTICN

],-l_ BLANKS
16-1g FIXEC PCINT t_ [I_i)
2C-2] FIXEO POINT I( (141
24-27 FIXE0 PC|NT L K[_)
28-37 FIXEO OR FLCA T[hG N_MBER trt _EPLACP _aNtITy Sp_cz_:lE 0

IN MCCIFY CARC (IIC OR F1C_2) .........
_

WILL SHOW THE CORRECT V_LUE Tt_ tJSE T{] REPLACE A GIVEf_ _UAfWTITY
C/BLANK/OR NINUS h_MEER ..] TREATEC kS AN ERHC_

H REIS A CC;NeENS Ct ST eF   AMPLESPLACEH,'K LUCK 
6 REPLACE F R
8 REPL,CE LEASIAS_U_ES WEIGHT

EL TIVE

g REPLACE UNITJ_Y STRt_CTUI_ F_CTCR
IO REPLACI: STATIST|CAL PHAS :c (SEE ABOVE FI_R SPECIAL OPTI_NI
20 REPLACE FIRST SCATTERING FACTOR

FOR MANH OF THE _ANT|TIES _HICE MAY BE _E RE_LACE_ A FULL
C_TA RE-RECUCT|ON |S PRG_ABLY IN ORCER ANC _[LL LEA_ IC
FEWER P_SS|BILITIES FOR ERRCR

CCMMC_ ANC _[MENS|CN STATEMENTS

S¥STE_ COMMON
_A£h P_CGRAM

LABEL

3 1-12

MDIFC

MP,IFC
MDIFC

--MO "

MOIFC
_O IFC
N_[F¢

MOIFC

_DIFC

M_IFC

MO1FC
MOIFC
M_IFC
MOIFC

MiDI FC
MD I FC

MD!FC
MDIFO
MOIFO
MOIFO
MDIFO
MOIFO
M_IFO
_0 IFO
HL_I FO
MP. IFO

- MO|P_
MOIFO
MOIFO
MDIFO

CMIXUP SUBROUTINE t_ SORT EVEN OR _CC INCICES CF REFLECTIChS
SUBROUTINE MIXUPIA,N,Et_)

C VERSt_h _F 9 _tmR 63

THiS SUBROUTINE TAKES A ANC B ANC PUTS THEM IN ARRAY AND STUFFRESPECTIVELY IN _ESCEhCING {]RCER CF MAGN|T_E. THE r_UM_ER
C _ETERNINES WHICH BL_CW CF THE ARRAY ANO N CETEHMINES _HE_E IN
C

NIXUP
MIXUP
MIXUP
MIXUP
MIXUP
MIXUP

THL MIXUP
BLOCK.

C THE BLCCKS ARE
ITNX TO C.H.) IF TEE NECESSARY CHANGE_ ARE MA_E.
SYSTEM CCMMON

"MCCP ERT NUMBER _NT_ A POS|IIVE MO_LG _ALUE,eMC_PCS - RECUCE M MGOUL N) POSITIVE CARGILL HIG_
ENTRV _CDPCS CALL kS MCOP_S(_,N)

I LABE_F TeN_E " L -JUSTIFY ALL N_N'BLAhK CHARACTERS IN ATOM NAME.
I |E SEPT 61

ENTRY NAME
'ENTRY- WflAME

A F_RTRAN CLOSED-SuBROUTIne FUNCTION TO LEFT-jUSTIFY ALL N L
• CHARACTERS IN A 6-CHARACTER B_C NAME, FILLIN_ Cb! WZi_ BLAN_ S.
• NCIE - THIS SUBRCbTIhE _cS ERASEABLE STCRAGE IN UPPLR MEMORY.

bhPACK GHARACTERS [NTC 6 E_RCS

• _ABELCNF|XE - A SUBROUTINE FOR FIXING A FLOATING P_IhT N_MBER

¢
C
C NFIXO

MIXUP
NCMINALLY lSCO LCNG El_T MA_ _F C{]URSE _E TWIODLE_ MIXUP

MIXUF
MIXUP
MO0)O

.oo:8
C{C_O

NANEO
NAIWEO
NAMEO

NAMEO

NAMEQ
NAEEO
NFIXO
NF IXO
NFIXO

TIIE SEC(_NC ARGI_MEhT,L AMCUNTS TO A FLAG WI_ICI_ IN EFFECT GIV_.S THI_I_F|_X_O_
FUNCTION TWO ENTRY P_INTS, IF L = I IN THE CALLING Sc(_UENCt:- THE NF IXO

CALLII_G SE(:UEI_CE, Tt'i.E OUTPUT VALUE WILL eE {tie SIGI_ CJF )He NFIXO
ARGUNENI TIMES THE SMALLE ST INTEGER E_UAL IG C]g GHEATt_I [HAM IlIE NFIxO
MAGNITUCE CF THE Ai_GUMENI. NF IX0

I III i ii ,
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Z

20

?O

_O

:_O

S

A.eE :N_CALL IJT-OCWN VER$IeN CF CALLER F(]R NON-CHAIN CPERaT|C]N
ENTRY CAL ER

EXI_E_TR¥
ENTRY LINK
ENTRY IFFW
ENTRY IFFI
E_TRY IFFC
ENTRY (BSH)
ENTRY (CSH)

Jei'L_
516_

NOCL_

NOCL_
NCCL_
NOCLCq

..... NOC-_
NOCLO(
NOCLC_
NCFCL_1
NOCLO]
NOCLOJ

E TRY LINES NaCLO 
ENTRY _PS N_LO}

• T_E SET _F 5UEROUT[_E$ IN T_[S PACKAGE PERF_Rfl MA_Y CGNT_L F_flCtL_.NuC_
• ALL INPUT CARO RECORCS ARE REAL _Y CALLER_ [FF| _R EXIT. _ _T_ " NOCLOL

C_RC IS RECCGN|ZEC AT ANY TZ_E ANC CAUSES i_EC_ATE I_[TIALIZATZ_h _F NOCLO|
• THE SYSTEm. CERTAIN C_C$ _[ L BE:RECOGN[ZEO _T ANY TIME BY CALLER N_C_I
• ANC IFFI. _HICE WILL PERFCRM _EE REQUIREC _PERATIC_ AhO C_TIN_E NOCLOI
• REAC[NG....... (SEE TABLE EEL,S.) SEE IN_IVIC_L ENTRY L _rATICN. , c ..RC_ -_.Cl.O__'_'
• F_RT_ER INF_RNATICN° NO_LO2
• _CLO_

S_BRC_TLNE N_A_ NWAXO0C SYSTE_ CCMMCN SSIGfi_ENTS NWAXCO
• LABEL ORBETO..

CCREET _RFLS PATCE _R BETAS NC ATeMS TG BE _ESET ORBETG_S_BR_TINE RESETO( T_oATCM.NA) OREETO_
• LABEL _RONLO(
• _RCNL - _KES Pfl_PER S_FFI_ FER CRCINAL N_MBERS 0_
• CRCNL - _U_R_UTINE TO GET CRCINAL S_FFIXES _IGH _ 6l O_ONL_ _

ENTRY CRCNL ORCNLO!

ENT_RY _ C
X _ fiL _NL,,-_

• A FGRTRAN CL_$ C-SUBRCUTIhE F_NCTIGh TO GET T_ ECC SCFFI_ F_R AN ORONL_:
• CRC[kAL NUMBER GIVEN THE CA_CI_AL NUMBER AS A Bl7 tN_EGE_o ORCNL_]t
• C_LL IN _TATEM_NTS LIKE _=ORChLF(I) CR N=XOR_hLF(I) _HERE _ IS THE ORCNL_'
• NeNE CF THE INTEGER F_R W_IC_ A S_FFIX IS CESI_, A _R _ I_ THE hA_E _RONLI(
• CF THE-FLCATING- CR FIXEC-PCINT V_R E_ER_ THE S_FF IX IS T_ BE O_flL_

IS I_ BCC. S_IT IABLEABLE
FCR 'IHE SINGULAR.

• STCREC. THE SUFF|X F_R _tTP_T WITH _N _3 F_RP_T
• FCR THE PLURAL OR A2
" LABEL
CCRFE X-RaY VERSICN CF _RFFE CF B_SING AND LEVY
C BUSING'LEVY F_NCTICN ANC ERROR PROGRAM

S¥STE_ CA_ENSI_NC _AI_ P_CGR_

O_CNL_;
O_CNLZ:
CRFEOO(
ORFEOC]
ORFEO0;
_RFEO0;

• LABEL O_FEt_
CS_EB ORFElCl

SUBHC tHE Be ORFEIO,
C CCMP_ AL [STANCES BETWEEN T_O ASYMHET_[C _NITS GRFEI
C SYSTEP CIHENS[_N ORFEIO_
• LABEL _FE20(
CSBI_ ORFE20:

S_BH_TINE SUBIO QRFE20_

ORFE2_
• LABE;_ _RFE30t

.... _RFE3-O]
CSBI1 S_BRC_TINE SUE11 _RFE30_

MULT[VALUEC F_NCT|CNS IG ANC II O_FE303
SYSTE_ C|MENSI_N ORFE30_

• LABEL ORFE50{
CS_lg O_FES_

S_ER_TINE SUEI_ O_FESO;
C F_NCTiCN _NC ERRC_ CALC_L_TIC_ C_FESOI
C SYSTEM dIMENSION ORFES_
• LABEL O_FEBOt
CS_2_ _RFE60-

R_TINE $U821 ORFE60C CMP_TE fl_LT|_AL_EC F_NCTICNS _RFE60,
C SYS_flENSICN ORFE_
• L_BEL ORFE70
CrEEl GRFE7o

S_BRC_TINE HECIIII ORFETOI
C SELECT T_E HEC S_BRC_II_E TC _E ENTEHE_ ORFE7_
• LABEL ORFESOi
CPREI ORFE80

_BRCUTINE PREI{I) ORFEBOC LECT T_E PRE S_ERC_IIfiE T_ BE ENTEREg _RFEB_
• LABEL ORFE_O.
CF_NI GRFEgO'

S_BRC_TINE
F_NI(|_RC_I_ BE ENTER ORFEgOi

C SELECT THE FUN S_ [NE TC EC GRFE901
C SYSTEM CIMENSICN ORFEgO'



Z

I !:)

• LABEL
CC_;i

S_BRC_T[NE GUT[([I
C SELECT THE CUT S_BR_]|_E TC _E ENTEREO
g LABEL
CSTKX

S_B
.C SET
C SYS
• LAB
CSTKB

C
C
C

CSTBB

C
C

C
C

CBEIA

C
C
C

C
C

CVM

C
C
Q

CVV
)Alfi PHGGRA_

LABEL
CV_

_A]_ PRCGRA_
• LABEL
CCIFV

H_TINE SETKX(I)
KEY WCROS F_R ATOP

IEM CI_ENSION
EL

CCCRC ll_ATES

5_BH_TINE SETKB(I)
SETKEY WC_CS FOR aTOP BETAS
I=IN(K) THE INSIR_CTIC_ I_IEGER
SYSIE_ _I_ENSICN
L_BEL

SPECIFYIhG THE ATCN

S_BRC_T[NE ST_BE
ST_RE RECIPROCAL
SYSTE_ CI_ENSION
L_BEL

I_ETRIC TENSCI_

AT('IFI CCCR INATE L_ INE
SYSTEM I_II_ENSIaN
LAEIF.L

SIJeRC_TI.NE BETA(II_S,Z_O T ICSTC E , RANSF ORfl_ _N l RC P
INS'IS ATON OESCRIFTICN, Z IS
SYSTEV CIIWENSICN
LABEL

TEI_P FACTC]_ M._T_Ix
TRAN SFCIRI'tEC F_ATRIX

lip v two es
Z(_,31 XI]t3I*Y(3_ )
LABEL

IN V_IX Y
SUBHC Tse[VECTOR'TRANSFC

L_BEL

|I_ES MATRIX

S_BRO_IINE OlFVI_t_tZI
C VECTOR - VECTOR
C ZI3|=XI3I-Y(3)

CSU_V

C
C

CCS_
_Alfi FRCGRAM

• LABEL
CARCS

PA[_ PRCGRAN
" LABEL
CNCR_

C
C
e

CAXES
S_BHC_TINE AXES(_._tXI

C STCRE T_REE M_T_ALLY PErPeNdICULAR
C VECTORS X(Iml), X(I,2), AN_ X(Im3)
C VECTORS _ _NO V,
= LABEL
CEGVL

C
C

CEG_C

SIQBRCI.J'I'INE 5LI_VIXt'_,Z i
VECTC_RS

S_BR_TINE NCRMI_,_tZ)
STORE A VECTOR Z hCHF_L
SYSTE_ CI_ENSI_N
LABEL

TC VECTORS X AND

C

_TtNE EI(_VALIw,Y )
FINC EIGENVALbES _ EF
SYSTEI_ CII_ENS ION
_Ei. -

SIdBRG_T INE EIGVEC(W, I )COMPLETE EIGENVECTC;R 'CZF I_ATRIX

GIVEI_

516_

OaFEe!
O_F_
ORFEI;(

- ORF EC{

ORFE{
OreF_
C]RFE[
C]RFEt
Of_FE_

ORFEE
ORFEF-_
C.gRFEF(
ORFEF(
t,_,,pE-r_

C]_F_FFORF
C]RFEG
O_.FEG
O_FEG
C]R,FE(3
C]RFEG

_3_:FEH
L_FEH_

C]RFEH_
C_FF._
GRFE l_

C!RFEKi
C]_tFEK_
C_kFEK_
GRFEKi
ORFEK_
_KFE_
ORFEL_
C_RFEL!
GRFE_
O_,FEL_

ORFEG
ORFEQ
ORFEO
[]RFEE
_RFEG,
O_PEP
Uf_FEP
Ot_FEP
ORFEP
O_FEP
ORFEP
ORFE_
ORFE_

ORFEQ
ORFEQ
URFER
ORFERi
ORFER
ORFER



C
C

w GIVEN EIGENVJLUE ¥
SYSlEtd C It_ENSiON

+__

C]RFEiU
(_RFER_
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me

• LABEL
CTRCE

_AIN PRGGRAN
• LABEL
CF_hA

_Jih PRGGRAM
t LABEL
CF_fiC

_AI_ PN_GRA_
• LABEL
C_EEl

SUBH_TINE HECI
C eEAOtt_l
C $YSTE_ O[_ENSI_N
• LABEL
CPRE1

C_TINE PRE_ R
C SYSTE_ _I_ENSIGN
• LABEL
CF_I

S_BRGUT|NE FUh!
C CGNP_TE |NTERAT_[C
C 5YSTEE _|_ENSIaN
e LABEL
CGUTI

S_B_UTINE _UI_TIC_C PUT _T CESC_
C S_STE_ O|_ENSI_N
• LABEL
C_EC2

S_B_TIEE HEC2

_EA_IhG 2SYSTE_ _IEENS|CN
LABEL

CS81_

CALCULAT|_fi
C $YSTE_ _|_ENSI_N
• L_BEL
CPRE2

SUBROUTINE .PRE2

INTE_TCM!C _ISTANCE

_lSl_fiCE

tlF [I_TEH_TCM [C

ANC _TPUT

C PRELI_INAflY S_8RC_II_E
C SYSTE_ _I_ENSI_N
" LABEL
CF_E2

S_BH_UT1NE FU_2
B_N_ _NGLE SUBH_T|fiE
SYSTE_ _IPENSI_N

• LABEL
CC_T2

S_BRC_TINE _UT2
C C_TPUT CESC_[PT l_fi
C SVStE_ CI_ENS I_N

S_B_C_TI_E HEC3

SvST
• LABEL
CPRE3 --

SUBROUTINE PRE3
C PREL|P|NARY S_BR_I|NE 3
C S¥STEE _IE-ENSI_N
• LABEL
CFUfi3

SUBRC_T|NE FUh3

C SY_ENSI_N
• LABEL
CLOT3

C _TPUT _ESCRIFTICh 3
C S¥STE_ _I_ENSI_N

_b ....... CH_EE_,6•LABEL
C HEA_I_G _

_,• C SvSTE_ _I_E_SI_

L,:

_ISTA_CE

_RFESI
o_F_

O_FE_

ORFEU!
0_¢FE_

C]RFE V-(
URFEV(
C_FEV(

nRFEV¢

_F_g-_

C_RFEW_
ORFEXC

u_rcA_

O_FEXG
O_FEXC
O._,FEYC
_FEY_
C]_FEYC
O_FEYC
_FEY_
O_FEZC
O_FEZC
C]_FEZC_
C]RFEZ_
(]RFEZ_;
GRFFGO
ORFFO(_

O_FFO_
(_FF_(_

C_FFIO

O_FFIb _
CP,F F I,:}

L_RFF2_
GRFF_U
C]_FF2_

(3RFF30
{]RFF30
O_FF3u
_tRt=P30_
C]RFF30;
C_P,FF60i

O_FF601
C_RFF4_
_RFF_Oi

ORFFSO

O,_FF60
C_RFF60
O_FF6C
O_FF6C
O_PFb_
ORFFT.

ORFF
C]_FF7_
_FFT_
GRFF_IC
ORFFBC.
C_FFBC
O_FFBC
C_FF_]C



e:

Ze

o

LeL_

'e

a LABEL
CPRE_

SLBRC_TINE PRE4
C PRELIFINARY S_ORC_IINE 4
C SVSIE_ OI_ENSI_N
* LABEL
CFUN4

S_BRCUTINE FUN6
C CIFFERENCE BETWEEh EChO CISIA_CES
C SYSTE_ C|_ENSION
e LABEL
CC_T_

SUB.O TINe
QUTPUT  eSCRIPTIC 4
5YSTE_ CI_E_SICN

• LABEL
C_EC5

C MEAOIfiG 5 E
C SYSTE_ OIEENSICN
• LABEL .....

S_BHC_TINE FUN5
C CIFFERENCE BEI_-EkT_--i_I_ ANGLES
C SVSTE_ CI_ENSICN
• LABEL
C_EC6

S_BRC_T1NE HEC6
C EEACING 6
C SYSTE_ DI_ENSICN
• LABEL
CPRE6

S_BRC_TINE PRE6
C PRE I_INAR¥ $_BRGbIINE 6
C SYS_EM OIMENSICN
• LABEL
CFUh6

S_BRC_TINE FU_6
_FC SU BON_ ANGLES

C SYST_ UI_ENSION
• LABEL
CC_T6

S_B_C_T[NE OUT6
C C_TP_T DESCRIPTICN 6
C SYSTEM CI_ENSI_N
• LABEL
CFUNB .i;/

C T _P MATRIX ANE GET EIGENVAL_E
C SVSIE_ CI_ENSICN
• LABEL
CF_NC

_UBflCUTINE FUNC(C I_C _S ANGLE QF PRIfi_ AL _xIS Arid VECT_H
C SYSTE_ OI_ENSICN
• LABEL
CF_X

C
C SVSTEI_I_E-NS-_'_

LABEL
CPRE?

S_BRC_TINE P_E7
C PRE IMINARY S_BRC_IINE T
C $¥$_E_ _I_ENSIaN
• LABEL
CFUNT

C fi_S PRINCIPAL OISPLACEME_T
C SYSTE_ OI_ENSICN

L_BEL
CCUIT

S_B_TINE _T7
TP T CESCWIPTI_ T

C C_ST_ CI_ENSIQNC SY
• L_BEL
CMECB

S_BHC_TINE HECB
C HE_CIfiG B
C SYSTEM DIMENSION
• LABEL
CPREB

O_.FFgi
ORFEg
ORFFg _
ORFFt
OR-F_
GRFFA
t.]RFFA
ORFF]
O_¢FFA
ORFFA
GRFFI
nRFFB

ORFFB(
_RF_
ORFFC(
ORFF_
GRFFC{
ORFFC(

UK PPUI,.I

ORFFO(]
ORFFT_
ORFFEd
URFFEO
O_:fr-'_¢l
GRFFEq
ORFFFO

O_FFFC
O_FFF_
C_FFF_
ORFFG_
O_.FF_
CIRFFGO
ORFFGC
ORFFGC
ORFFH(J
ORFEHG
ORFFH_
ORFFHO
ORFF_
ORFF IU
ORFF ICi
ORFF|C
O,_FF Ic
ORFFIC
ORFFJ{
ORFFJ(
ORFP-d_

ORFFJ(
FF

ORFF _Oa
ORFFK{
ORFFK(
ORFFK(
OR Fr-_
(]RFF:[I
L]RFFL_
ORFFC_
OFcFFL(
ORFFL(
ORFFN(
ORFFM_
ORFPM(
CJRFFM,,
ORFFMC
ORFFN(
ORFFr_{
C]RFFN_
ORFFN_
ORFFN_

ORFFC_
ORFFC]_
ORFFO_
GRFFPI
ORFFPt
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I

CFUI_6

C
C

SUBROUTINE PRE8
PRELIMINARY $UBRC_I|_E
S_STE_ _ENSICN
LABEL

SUERG_TINE F I,.Jh8
ANGLE BETWEEN PRIi_C[PAL
SYSTE_ t_tlqENS I_N

,axis At_O VECTCR

ORFFP,
ORFFP!
ORFFP,
_RFF
ORFF
ORFF
ORFF
ORFF(

0

0

i

0

_0
O)

C_

©

q')

Z

CO

_0
IIL

©
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18

17 0 .... _

15

'40
13

J2

'0

7

6
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tO
z

0

O

0

!70

O

'O-

8

S_BR_TINE F_N9
PRINC[PAL AXlS PREJECIEC
SVSTE_ C[EENSI_N
LABEL

S_ERCUTINE FUNIO
ANGLE BETWEEN PR|_CLPAL
SYSTE_ OI_ENSIGN
LABEL

S_B_C_TI_E FUh[[
PRLNCIPAL AXIS PRCJECIEC
SYSTEM DI_ENSICN
LABEL

• LABEL
CC_TB SUBkCUTI e uze
C EuTPUT CES_IFTIE_C SYSTEM CI_ SICN
• LABEL
C_EC_

SUBROUTINE HEC9
C HEADING 9
C SYSTE_ DI_E_SICN
• LABEL
CFUN9

C
C
O

CPR1C
S_BRCUTINE P_EIO

C F_INARY S_BRC_TIfiE
LABEL

CFN!_

C
C

CCTIC
S_BR_TINE _UT1G
C_TPUT CESCRIPTICh IC
SYSTE_ _I_ENSICN
LABEL

C_CI1
SUB_UT INE MEC11

C HEAO_G 11C SYST _I_ENSI_N
LABEL

CFNII

C
C

CFUfiR

C
C
@

IC

CN vECTOR

_fi_ CARTESIAN AXES

CN CARTESIAN AxIS

SIJBRC_TLNE FUI_R ]_RSQ)
i_EAN _(_UARE RJCJ PL Et_TAL C IS eCE_
S¥STE I_IIWENSIQN
LABEL

CFNCR
S_BR_TINE FU_CRIC,B)

C CCMP_TEcQUANTITIESFC_IN _E_N BCNC CISTANCESYSTE_ ENSlON

flEA_ S_UAgE CISPL_ L IN GIVEN DIRECTIC_
SYS!EI_ _INENSI(_N
LABEL

12

S_BHCUTINE FUN12
RNS-I_PLACEMENT IN GIVE_ CIRECTI_N
SYSTEM CI_ENSI_N
LABel _

C
L_BEL

CFnXl

C
C

CHCI2
SUBRC_TINE _ECI2

S_ST, , S[ON
* LABEL
CPrl2

S_B_C_TINE PrEI2
C PRELIMINARY S_BRC_IINE
C SVSTEM CI_ENSION

LABEL
CFN12

C
C

CQT12
S_BRG_TINE G_T12

C _TP_T _ESCRIPTI_h
C SYSIE_ CI_ENSICN

L_BEL
C_Cl_ ......

S_BHCbTINE HECL3

_EA_I_G 13" SVSTE_CIMENSICN
LABEL

CFN|3
S_BRC_TINE FU_I3

t2

Q_LFFRC
OIL_F_EO
ORFFRQ

ORFFS(
ORFFS(
CRFFS_
_RFFSO

_FFTO
_FFTO
Or:ee_,
O_FFTO:
O;_FFTO;
GRFF_
ORFFUO
_RFF_
O_FFUO

_rFVu_
O_FFVO
ORFFVC
O_FFVO
O_F_
ORFFWO|.
ORFFW()_

ORFFwO_
ORFFXO0
_FFXCI
_RFFX_2
_FFXO3
ORFFXC_
ORFFYC_O
ORFF't,JI
_FFY_Z
O_FFYc._3
ORFFV__
O_FFZUQ
ORF_ZoL
_RFFZC_2
ORFFZ03

O_FGI6_
_RFG1C_
ORFGIO_
O_FGIc_
ORFGIO_
ORFG2_O
ORFG2,]_

ORFG _
_RFG2_6
ORFG30O
ORFG301
_RFG3U_
_FG303
GRFG306
_reG_O
GRFG4(._I
ORFG4u_
ORFG_03
ORFG40_
_RFG_OQ
_RFGS01
ORFGS_2
QRF_5_
_FGS_s4
_RFG60C
ORFG601
O_FG60_
ORFG60_
ORFG60,
ORFGTOI
ORPG70'
_RFG7_
_RFG70_
_RFG70
_KFGBo,
ORFGBQ,
QRFG80
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g

........ CORFLS
Q C

C
C

LABEL

S_BRG_T[ E G_TI3
C_TPUT C_SCRIPTIC_ 13
SYSIEN OINENSICN
LABEL

S_BHCIjT INE HECI4

HE_VII_G I_SY EN C IMENSICN
LABEL

SLJ_MC-UT INN PREL_
PREL|NINARY S_BR01_I|NE 141
SYSTElU CIMENSION
LABEL

S_B_OUTINE HECt5
HEAC!_G 15
S¥STE_ CI_ENSICN
LABEL ....................

S_B_O_TINE FUhIS
_EAN INTERATC_|C CISTINCE ASS_EING INCEPEECE_T
SYSTEM CIMENSION
LABEL

S_BRC_TINE SETA(A)
OUMMY SUBROUTINE_-I.t_Y BE CM_NGEC BY _SER.
LABEL

S_B_C_IINE SETP(F)
_UMMY SUBROUTINE. M_Y BE CMANGEC BY _SER°
LABEL

SUB_O_TL_E STCaA
STCRE METRIC _c_=G_
SYSTE_ CIMENSXCN
LABEL

JR_ SH_ULC L_EEL S_ER_TINES
SUBHC_TINE VV(XeYeZ)

_131 X13,3 131

NCIION

ORFGg(
OREC_
ORFGe_
ORFGg!

ORFGt_

ORFG(
_&FGt,
ORFG(

._

OeF60,
OR-F_
ORFG(],
ORFGI_
O_FGE_
ORFGE_

ORFGF
ORFGF
OR FGF
ORFGF(
C_RFGG_
O_FGG(
ORFGG_

ORFGG(
O_FGH(
0_. FG-H(
ORFGH(
URFGI_
ORFGH_
ORFLO_

LABMCCIFICATIcNEL A_t_ SI_STEM|ZATICN _F OAK NICHE FULL M. LEAST Ik:'i_--,_t'Ji_:_Ol

_RLLL,LS, FORTRAN Ci_,ST._LLCGRAPEIC LEAST _,_t_ES ORFLO(lhG PROGR,M. ,MCC|FICATIOI_ OF A MOOI "lION L_F A ..,....... ORFLO(
VERSION CF 18 M_ Ig6_ ORFL-O_

ORFLO_
_FL_

OOMMCN ANC CII_ENSICN _T_IEMENTS FOR C]I,IFLS AS NUBIFIEO FOR X-raY O_:FLO,
ORFLO_

MAI_ PROGRAM
" LABEL
CORF_N NEW VERSION CF CBFUN (FLSF_N)

S_BRC_TINE FLSFU_(]CChT_)C VERSICN I JUNE 1_6
C
C
C
,II

CC_RIN

C
C
C
C

CCMMCN ANC CI_ENSICM STATEMENTS FaR CRFLS AS M_OIFIED FOr X-RAY

LABEL
SUBROUTINE lC RE,C REFLECTICN RECLJRC$ FOR CRFLS..

FCS NRs cNoF
COMMON ANC CI_ENSICN STATEMENTS FOR CRFLS AS M_CIF[_O FOR X-RAY

ORFNOI
ORFNO(
ORFNO_
ORFNCi
ORFNC_
OKFNO(
ORFNO!
0_b'¢01
ORINOi
OK INO
OR [NO:

' 0;_ |NON
• L_BEL ORKAO
a_RCAL M Cfl_STIC RE_ISIUN _F OROAL BY-PASS UNNECESSARY Dt_IVAt|VE_O_O_

S_BRC_TINE CALa(¥mP_RmCERelCC_TR) O_KAOI
C CR FLS. FaRTRAN C_ST_LLCGR_PEIC LEAST S_A_ES ORKAO
a CALCULATE STR_CT_RE F_CTC_ _NC CERIVATIVES FC_ ONE REFL_CII_N ORKAO
C VER$1EN OF MARCH 1964 ORK40
C ORKAO

COMMON ANC CIEENSIC_ STaTEMEnTS FOR ORFLS AS MOCIFIEO FOR X-RAY O_KAOORKAO

. " "-L_gE-I; S_BROUTINE 1C _EeC GbT REFLECTION R_CC_OS F_R _RFLS° ORaUT

MAY 1_63
C
C COMMON ANC CI_ENSICN STATEMENTS FOR CRFLS A5 M_OIFIEO FOR X-RAY LJf,LI_T
C ORO_t
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m LABEL
CCRPAC (]UIWIwY PATCI_ RC]IJIINE F(]R CRFLS NC ATCIW$ IN SPECIAL

SUBgOUTINE PATCI_(IIWSYI'.ItTJ.HJ.HHJ|,IREJKI.AION }
111

CCRPRE
C
C

C
C
,ll

ORPAC
ORPAC
ORPAC
QRPRC
ORPRC
ORPRC
ORPRC
ORPRO
ORPRO
ORPrO
ORPrO
ORPRO
ORPT_
ORPTG
ORPTC_
ORPT_
oRPrO
ORBTG
ORRES
ORRES
_RRES

UR_BT_OR BT_

BT_
ORORSBT_I
OR _B T_|

SMO_I
_SMO_
_RTOC_I
CRTQ(I_
ORTOC_
O_TO_
ORTS_C
_RTSO_
O_TSO,i
O_
ORI ScCSO;.
ORTSOL

ORTS_:
ORIRGC
_RTRCc
URIRO_..
(]RTRO;,i,
_RTRC_
CRTROI
ORTRO_
ORTR01
O_TRO[
ORTRO[

* LABEL _RWTOC;

• CCRWT _ NEw PAflAIWEIER_ ON FRONT OF BINARY O_TP_T F_OM CRFLS(UW}ORWTOC
,.._...,_ ORhT ............ ORWTOC_

C VERSION OF 25 JUNE ige3 ORWTOC
- C 0 _W T0 _i;,

_o• C ORWTCC;!
,_ C COMMOn. ANC CIIWEN_trn_._...{TATENE_TS FOR E_FL5 A_ NQCIFIE_ FOR X-'''_,,.,O_twTOC,_

'_O CCUTPUT- {_NIWY_ FOR WRITING C_T ANY NCN-STANDARC SPECIAL R_SULTS. OUTPOGIOUTPO_(
,_ ......... S_BR_CTiN_ O_TP_T(R_RITE) OUTPCC,;

C _E,$ CN _F _ 62
_ROEE QE T_E r..C_Ch STORAGE C_ ELSE _EMEMBE_ I0 OUT_,

',_• C CI4_NGE C_ON IN S_BRCUTINES. OUTPOC_
,_ OU '%

C SYSTE_ CCN_N ASSIG_IWENTS pATPC,,tI,_
_P H TC eF TYPE QF F_URiER FUNCTI_.. P'TPOC_:PERMIT CALCULATION ANY

"• SUBROUTINE PATPATi_PAI) PATPOC_
,o C VERS_i_N _F NOV 62 PATPO{J'

THIS _ERSICN

7

6

C
C
C
C

MAKESCCEFFICIENTSFORA stANcArc eu.,a PAtte.s_,n
c_WI_I;nANCOII_ENSIcN_tATEIWENtsFORF{_urze_.ourzn-es "

SYSTEM C_IWMON ASSIGNIW_NTS

PATPO_,
PATPO(_!
PATP_O_
PATPO0"
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CRRLS

C
C
C
C
C

ORRIS

C
c
c
c
c
c
C
C

o

CRREA

C
c
c
C
C
I

CRRtJM

LABEL

S_BRI_TINE RCF_S_fiC'VERSION GF _ ltl_6_

_G_ ANO DIPENSIC_ _TATE_E_TSYSTEM COSIGN
LABEL

MAIN PRCGRA_ FEE PREPARING LIST _F H 'S
VERSION DF FEB, 11,l_64

MAXLEV(I} - MAX. AESCL_TE V_L_E _F N F_ LEVELS

IHLEMI(I) = _AX. h_AllVE _ FOR LEVELSHLEMA(I) = MAX. F Ii qE FOR LEVEL_
IA_MED = LAS_ N_, UF GROUPS *7
IAM _ESIGNATES ROE _h WHICH _AL_E IS T_ _E PLACE_

CC_ AN_ DIMENSIC_ _TATEMEhTS
SYSTEM COMMON

_AIN PROGRAM
L_BEL

R F IC_ FOR R L|ST PRCGRA_
S_BRC_TINE
_ERSICN EF FEE, ll,l_e_

COMMON ANO DIMENSION _T_TEMENTS
SYSTEM COMMON
LABEL

MAKE S M FS _ S OR R LIST
S_BR_UTINE RS_M(I)
_E_SI_N _F FEE.I|,I_6_

CCMMC_ ANO OI_ENSICh STATEMENTS
SYSTEM COMMON

• LABEL
CRTABL GENERATES TABLE CF TWIG FbNCTICNS FER =RPLANE=

S_8ROUTINE RTABL E
C SYSTEM CDMMON ASSIGNMENTS
• LABEL
=RWT_E - FORTRAN REW|N_ 1APE (_WI),
• REWIND N

• A CAL N
• tSX (RWT),_

EN[RY (RWT)

• LABE_CSCAL CAL _LATE SCALAR FRC_CIS _._A.BtA.C_O.B,8.C_C.C
S_BRO_T[NE SC_L

ENTRY COS
ENTRY SIN

• LlBg_CSHLP ATTERSON SHELL PROGRAM CLINK _5_G,
C VER$ICN GF g MAY 1t63
C SV_E_'_ Ct_Wfl_fl _SS[_NMENTS

_Alfi PROGRAM
• LABEL
CSHCRT F[NO THE SH_RTES1 TRANSLATION IN A PLA_E

S_BR_TINE SO_T (C|_CAL_AItC2_CA2tA2,WI
• LABEL
_SL_SH CHANGES BLA_K TC SLASE IN FRONT OF M_A_B_Ct_ CR •

ENTRY SLASH
• A S 0• TOCH NG BY A2 FORMAT (1S A1
• CA¢ SE=UENCE
" TvELRGuTI S'P2|NE M_KE

LABEL
• SLI_W - F_RTRA_ SH_RT
• SH_RT LIST

• PZ I
• PZ_ N

ENTRY (SLI)

3.1-21
5164

RRL$O|
RRLSO(

RR[SO-(
RR ISO(
RR.[SC_
RRISO(

RRISO
RR IS_
RRISO
RRISO

F_F_EtC
RREAO
a_ E_0
RREAO
R_E__O_

_RUMO|
RRUM04
R,_UMO_

RRUM_
R_UMO

RTABL
RTABL,
ET_BL-
RTABL
RWTO0
RwTCO

LINKAGE CDMPILEU i_Y [i_ [RANSLAICI_.RwTO0
RwTO0

I OES A I_N. RWTO0R_wT LGN [[hlC TAPE. RWTO0
RwTO0
RWTdO
$CALO
SCALO
SCALO;

SCNO0(
SCNO0(
SCN(]O_
ScNQO(
SHLPO_
SHLPO_'

_zt I L,, t" u_

SH(_RT(
S-H-O_FT_
SHCRT_
SL-_SO_
SLASOI
.SLASO(

BL_NK TD SLASH IN FRCiNt C_F Mt_,C_,'_ _R * aLAaOL{

BLANK SPACE) t]F MC]N_CL, INIC 5M2=SM{2) SL_SO(
$LASI_ (SMZ) SLASQi

CcLLll_ P21tC tFOR EXAMPLE SL_SO(

i St. I(_0_LIST II_PUT (SSLI), .SLJ[QO_
[ISPlJl L.INKAGi_ CI_MP LE!_ BY I/_ IRANSLATC_R.SLIQO_

._..-_...... SL ZOO f.FI_R I_Pt,_T CF iiGiW-5_B_Ci_ ",cu Lza=. SLI_O_'
LCCATIGN GF THE AR l. SLIQO(

_AY +NUMBER I_F ELEIWENTS SLIOQ(
SL iOo(
SL 100I
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• LABEL SLOQOQ_
mSLCUW - FORTRAN SHORT LIST OUTPUT (QSLC). SLDODO_
• SHORT LIST CUTPLT LINKAGE CGMPILEO BY II_ TRANSLATCR.SLOOOO_
41

* TSX (SLO),6 FOR UIJTPUT #_F _ON-SUBSCH[PTEi]
" PZE SYMBOL+! LOCATION OF TEE ARRAY +1.
a PZE N NUMBER (JF ELEMENTS,
'ilt

ENTRY (SLO)
LABEL

CSMINP CCI_VERT [I_PUT FCH_ GF SPACE-GROUP SYMC!CL TG II_TERtqAL FORM
SUBRC]bTINE SMINP (GSNtSM,KZZ)

m LABEL
CSMIR INTERCHANGE SY#WMETR_I S¥1WBCL

SIJBRObTINE SMTR (ELI,EL,_._GPI,GP2)
C SYSTEM COMMDN ASS IGM#WENT_
e LABEL
•¢rl _R SUBROUTINE TC SORT _qEFLECTICNS ON INCECES

ENTRY PRIME
ENTRY SI_RT

, T_lS iS A stJe_V_T.It_E TC _T REFLECTIONS ANC [I_EIR E VALUES

* MAIN PRCGRAIW AND IS TRANSMITTED TC TEE SLJE_RCIJI[NE IN ALLING
SEQUENCE AL(]NG WITH Tl_E O[_ENSICN OF TEE _EFLECTIONS ON WHICH

• Tl_E SORT IS TO TAKE PL_CE(I.E.,CALL PRIME(M_tMK,MLeICS(_RT),

• WHERE MI_,, I,MK= _IWL -3, [ D_gT = 2 }* TO (_BTAIN TIHE RTIhG CALL SORTIEI,NUMBER {_F _EFLECTIEIN5 (_F THIS
= CLASStCRAMMED INDICES,CLASS OF REFLECTION AS CIMEN SEES Ill
• LABEL

• A TSX (SPH)._
• PZE B}K
•Al
•e ""SYMBOL,TAG
• SIR
•El .., ..
• C TSX (FIL)._

ENTRY

SLQO(]OI

SLO000_
SL.U_
SL(]QOII
S_WLINOOJ
SMINO0
SMINO0;

SHTROG
SHTRO0
S-_TRO0
SC_RCO0'

SOROCO_
S61RO004

SCRO00'

SOROOI]
.5_CL_tOCII_
SORO0_3
St]ROOT4
SPHOOf_(

- MCCIF._D FORTRAN STCHAGE-II_-PRI,TE_ _CLLERIT_ (9SPH). SPHCO_
Vl_ll_T K LINKAGE C_MPILEO BY I/LJ TRANSLAT_R°SPHOOC,. c

STORAGE TC P_I_TER H_LLERITH.
FORMAT CESIG_ATI_.

EX NGis,.OU L

INDEXING.
FILL CUT LI_E.

• LABEL

STEM COMMON S G_ENTS

* LABE_*S_R_W - F RTRA_ FLOATING PClfiT SC_ARE RD_T R_TL_E {gS_R),
ENTRY SQRT

• LABEL
• S_UASN- PACKS ATDM PARAMETER STORAGE DEPENDING G_ TEMP. FACTOR°
s S_AS_ - COMPRESS ATOM-_I_RAGE eA_O FOR PAR_M L_ACER Ht_H
• I_ sePT 61

ENTRY SQUASH
FORTRAN SUBROUTINE S_BPROGR_ TC CCNPflESS ATOM PARAMETER STORAGE FOR

• T_E PARAMETER LOADER, FO_ INdiVIDUAL TEMPERATURE FACTORS, STCRAG_ IS
• INITIALLY 16 CELL$/ATCM. IF ALL IEMB FACTORS I_RN CUI T_ _E I_-
• TROPIC_ T_IS SUBRCUT[NE 15 _SEC TC REDUce T_E S,_RAGE TG _ CELLS/ATOM
• C_LL SGUASH(ILC_|NCXC_I WHERE INCXC IS N_MflER _F CELLSIAT_M, |LC IS
, (NUMBER CF AT_S_L_Cf_C- [),[NOXC * l, B_IS THE FIRST {LARGEST-
• -ADDRESSED) LOCATION GF T_E ATOM PARAMETER ARHAY,

*STEUW RTRAN STORAGE TO T,BE ,INA,¥ (,ST.). (JAN. 1960)

• WRITE TAPE N LINEAGE COMPILED _Y II_ TRANSLATOR.

.A CAL N U_IT CESIGNATIO_
• TSX (STOle6 STORAGE T_ TAPE _I_ARY.

• Al ii_ INDEXING.• O S_MBCL, TAG OUTPUT
LIST,

• BI ... INDEXING.
•c tsx W_ITE LAST RECORD.

ENTRY
ENTRY 1STB)WLR)

SPHOOJ]
SPHOOC_E
SPHO0_I
SPHOOlC

SPHOOL_
SPHOOL_
SPHO0_4
SPMOOl_
SPHOOL(
SPHOO/_
SPRECOC
SPRE_'_t
SPREO0_
SPREO0]
S_R00_(
SORCC_
SQROO3_
SQUSHOC
S_USHOi
S_SMO_
S_USHO_
SQUSHO(
SQUSHO1
SQUSHO|

SQUSHO_
.SQ_SHI(
SCUSHI]

STBQO0(
STBO0_
STBO00,
STO000_
STBOO0_
STBO0O
STBCO@
STBOO_!
STBOOI_
STBOOI
STBQOl
STO00_
STBDOI:
STBOO[ _

- STBO0_
STBOO1
STBO02
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LABEL STI400(
- NCCIFIEC FGRTRAN 5TCRAGE-TI_-TAPE HI_LLERITH (qSTH). STHO_C(

WRITE CluTPl_I TAFE NtK LINKAGE COMPILED OY I/C IRANSLAIOR.STHOI

PZE §)K
eee

 ;MBGL,TAG

]];

UNIT _ESIGNAT ICON.STORA E TIT TAPE HOLLERITH.
FORMAT QESIGNAT I(]N.

INCEXING*_UTPU
LIST.
INCEXING.
FILL OIQT RECORD.

ENTRY rCR TAAP_St_ISSICN ONLY

ENTRY (STH)
ENTRY (STH_)
ENTRY .STH.

LABEL
STUDENT PROBLEM GEhERATCR

_ERSICN _F 13 FEE Ig6_
A PRCGRA_ TC PROCUCE _ LIST CF WEISSENBERG COORDINATES
aN_ n_aTVyE !NTEfi_!TIES FOB FR_OLEMS !_ _-_AY
CRY$i_Z[CGRAPHY (_-CI_EfiSICNAL)

S STe C  MON
_AI_ PROGRAM

i LABEL

ST_N TOMIC wEIGHT RETR|VAL FROM SYMBOL_ERSfCN CF 13 FEB 1q64
C _IVEN AN A2 SYMBOL FOP T_E ELEMENT
C THIS PROGRAM RET_R_S 1HE eTCklC WEIGHT ANC _MBER _N IH_
C CHEMISTS CARBON SCILE

S_BRCUTINE STUN (ARG_EiGHTtA1NUMtIG_)

" I_ABELaST_ P_T PARENTHESIS _RC_NO A A FCRMAT _RC BEST BE (A4
ENTRY STUPIC

STHO(

STHa(
STHO_F
STHO0
STHI_G
STH_O
STHOOI
STHO0_
STH001
STHO01
STHgg]_.
STHO0_

STUJO{
STUJO(
STtLd_
STUJQ(
STIJJ_(
STIQJC!
STUjO(

STOMa(
STUNO(
STUN_
ST_NO(
STUNO(
ST_NOX
STUNO(
STUP |(
STUPI(
STL_PI(

" + STUP[_
A F_NCTICN SUBROUTINE _S_ALLY _SEC., A = ST_PIOFINAMLF(A)) STUPIC

• N_MEF REMOVES 8LANKS _NC LEFI JUSTIFIES iN_ _CC CHARACTEr, S STUPIC
• THIS $_8R_UTINE IH_N SHIFTS ANC PUIS PARENS ARG_C THE FIRST F_UR BCCST_BI(
• CHARACTERS _F THE ORl_ W[HC (GC_O LUCK T_ THE LAST IW_ _CD CHAR| ST_PlJ

IF STUPIO IS HANOEC ELA_KS IN T_E FIRST PLACE IT RETURN_ BLANKS STUPI]
" STUPI1
• LABEL SYM20(
.SYMTR2 - INTERPRET SY_ETR_ C_RO (FLOATING P_INT) High ,_.Y o1 SY_C_

ENIRY SYMTR2 SYM20(
• A FORTRAN FUNCTION S_BPRCGR_ TO SCAN A SYMMETRY CARd A_JC 8LJILD SYM20_

• THER CORRESPCNCING SY_ETR_-CFERATIQN MATRIX.sE IHE CO_TE_T_ UF T_E SYM20_CA O ARE WRITTEN _FF-LINE. |h CA F ERROR, A_ EKR_M NE_SAGE IS SYM20C
• WRITTEN QN- ANC OFF-LINE. THE F_CTIONAL VALUE IS NORMALLY N_N-Z EKO, SYM20(
• WHEN AN ERRUR HAS BEEh CEIECTEC IT IS ZERO, SYM20]

SYM20]
• THE CALLING PR_GRAfl _ST EEAC THE CARC REC_RO with A L2A6 F_i_AI INT_ SYMZOi
• A 12"WCRC ARRAY BEGINNING AT THE ORIGIN OF CC_CN, ANC ASCERTAL_ THAI SYM20]
• THE IC IS CORRECT. THE R_TINE IS CALLE_ AS A FCRIRAN FUhC[I_N SYM 12_
• SYMTR2(SYPCP) WHERE SV_CP IS THE FIRST EL_MENI _F TH_ 3X6 _RRAY W_ERE SYN
• T_E SYN. OF. IS TC BE STCREC (IN STANCARC FOrtRAN URDER). SYM20]
• SYN, OF, ELEMENTS ARE NCR_ALIZEC FLOATING-F_IhI. SYM2_
m LABEL SYN30(

• SYMTB3E- N INTERPRET SYPMETR_ CARC (GENERAL EXPRESSION) HIGH J_E 6L SYM3G(TRY SYMTR3 $Yt¢30_.

• CIRC ARE WRITTEN CFF-LI_E, IN CASE CF ERRCR, A_ ERROR _E$S_GE IS _ _YN "
• WRATTEN ON- ANC GFF-LIhE THE FUNCTIONAL VALEE IS NORMALLY NEN-ZE_Em SYM30(• k__N AN ERROR HAS BEE_ CEIEETEC IT IS ZERO. SYN30_
• SYM3OI
• THE CALLING PRGGRAM _ST _EAC T_E_CARC RECOR_ with A 12A6 FORMAT INTO SYM30]
• A _2-WCR ARRAY BEGINNING ALXHf ORIGIN _P COMMON. _FPWD ASC_KT_t_ Tt_T SYN301

• TH_ IC |_ CCRRECT._ TEE ROUTINE IS CALLEC AS _ FORTRAN FUhCFI_N _ SYM30]
• SV TR3(SYMOP WHERE SYMLP IS THE XST ELEMENT _F THE 3X6 ARRAY w_E,:.E 5YM3O]
• THE SYM. Cp°tI$ TC BE STCEEC (Ih STANCARC FLi.TRA_ URGER). SYM30]
• _TEGER M WIL_ BE PREFIXE_ TC tHE LISTING OF TH_ SYMTRY CARL). SYM30J
• SYM. CP. ELEMENTS ARE NCRM_LtZEC FLOATING-P_INT. SYM30]
• SYM30J
• THIS R_UTINE CIFFERS FROM SYMTR2 CHIEFLY IN ACCEPTING ARBIIKARY SYN30_
• REL_TiCNS_f_ SUCH AS ARE NEECE_ IN BON0-LENGIH_ER FR_jECI-t_'_N--PRO---__.
• GR_MSo WHERE TH_ SYNCH CAhN_T BE _RBITRARILY _CUCEC MCCULG L. SYM30_



• OV GIVING LTM A_C ETM INSTRUCrI_]P_S_, TRACO;
• RESPECTIVELY, ) TR ACO,
* I IS A i4ELCCATICN INCREMENT TE BE St_BTRACIED FHIj_W THE LiSIE_ ACURE$SESTRACO;

w LABE_ T_ANOICTR_hS CAL _JLATE PRUC_CT$ CF TWAhSF(]RMATI(]N MATH IX TRANO4
S_JBRCUtINE TR_NS (tJll UI2_UI3,U21,U22,U23,1JJI,U32,L_33,1_FE]) TRANOi

C SYSTEIW C(_MNC]N ASSIgNMeNTS TR_N(_
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• LABEL
mTSBUW - FCRTRA_ TAPE TC
W

• _!_ READ TAPE

• A CAL N
m TSX (TSB),¢
• A1 .o. o.
mE $TR
m ST_ SYMBCLeTAG
"BI

m

ENTRY (TSB)
ENTRY (RLR)

m

• LABEL
mTSEU_ - F_RTRAN TAPE
a REAC INPUT
U

STCRAGE

N

TC STCRAGE
TAPE NtK

..... _r_ .... CAL -- N
• TSX ¢TS1_),4
" PZE 8)K
CA1 .., ..
t6 STR
I STG SYNOCLITAG
eEL ,,,T
• c; TSX_- |_TN },_
el

ENTRY (TSI_) SET E¥
ENTRY (TSHM) SET EY

• LABEL

i_O _AI_ FROG.AM
!_ e LABEL

" CUKEEP KEEP U
c S_B_G_TINE U

,_ UNI PMALTZE
z _Alh PROGRAM

_VC LABEL_O L CALCULATE C
_dih PRCGRAN

........... _ LABEL

• WERW - WRITE _R
)_O m(WER) HAlT

E
..... _m

CWTFN
iw_ZN

* LA
,XL$CIJT

0 CRC_S

8Ii',_RY (gTSO). {JAIl. L_60)

LINKAGE CC_PILEC _¥ l/C]

UhIT CESIGNATI(Jh,
T_PE TC] STC]RAGE _INA_Y,

I_CE,_ING.INPb
LIS1.
IhCEXlNG
REAC LAS_ REC(JtAC.

_20 O

;$

I
18

ilTo
lib

15

_4O
[3

i2

_CLLERITH (9TS_).
LINKAGE CC_PILE_ BY 1/_

_0

_f_IT CESIGI_T ICN.
TAPE TC STCHAGE I_CLLE_TH.
FC]RMAT CESIGhdTIC_.
[NCEXII_G.
INPUT
LIST.
[NI3ExING.
RETURN,

FCRTRAN CCNPILER_
IvCI_ITCr_ _T C]BJECT TI_E.

P_CC_CT BETWEEN T_ VEC_C;._.

(I .j ).EEp,  .INF ,
VECTCR.

ELL VCLUME

TSBO0 nTSBO0
TSBQO.
T$800TRAhSLATC_.

TSBOCi
TSEO0:
TSBOC
TSBQO
TSBOC:
TSBOO_
TS600
TSBO0
TSBO0
TSOCO
TSHOC
TSHOO

TRAhSL_TGR.TSHO0

TSHO0:

TSHOOi
TSHO0
TSHO0
TSHO0
TSHO0
TSHaO
TSHO0
TSHOO
TS_QO

UC_

_CR S_|RCLTIEEAPE ERRCE

UKEEP_
UKEEP_
UKEEP,.
UNITV_
UNITVO

EN[_Y (WE_)EN _Y -(WTC)
ENTRY RERITE
NT_Y IFE_T

B_LLcuLATI
PR(_GRAN
BEL
--..kRITE CR

_ _F SPECIAL

W[RW_O
(_CCIFXE_ F_RTRA_ 9WER) W_RWO_

_SEC BY (STH) AND (STY). WE:_WO!.
W_RWO_:

HERWO0_
W_RWCL,'
N_RWOII
wERW01;
WTFNO0(

LEAST S_UARES WEIGhTInG FAC|G_S. WTFNO01

XLSCO0(
XLS-TYFE BINARY HEFLECTICN REC_C XLSCOu+;

ENTRY XLSCUT CALL XLSOUTINTAPE_CRIGIhoLE_GTH) XLS_O0!
• L_BEL XMIXO_il
_X_[X - CC_VERT-FLCATt_ PCINT _BER TO FIXED P_INT _8EK. XNEXO0;
eX_IX - FLCaTIN_tPOINT TC Hi7 FIXEC-PCINT NIXEC F_CTI_N _iG_ FEB 6LgM[XO,_,

ENTRY XNIX g_lXO_::!
e A FCRT'_ CLOSEC-FUNCT_N S_ERC_TINE T_ CCNVE_T _ FL_TTNG-P_+NT XMIXO_
• N_BER TC FIXEO-PCIN1 WIT_ BIT SCALING. XMIXO_I_'

,c I.cSULT IN AC R_NOEO TO 18 BINARY PLACES XNIXOC• _ eERS ,eS_LUTEL_, , FT. ,= _RGUNENT IN A E
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L_

3ol-26
_16_

m LABEL X_COTO_
• XM_CTW- CGNVERT FIXEC P_IN1 BIN FRACTION TC INT_GEHS I_ 0-tl TWELFTHS° XMCOTO_

eX_CCT_ A SUBROUTINE GF !ENCHK CF _JTA R*OUCTIC_ ×_COT_4• TC _AKE FIXEC P_I T elNA_Y ¢8171 _RACTIGr_S INT_ 817 LNTEGERS IN X_COTO_
• THE ranGE O-ll ELFT_S). .... _-00_• CALLING SEQUENCE AT 1603 Ifi GENCHK AS CALL _MCOTk(_SYN([_tJ}) XMOD
• wHICP aRE THE TRANSLATICfi VECTORS CF THE d SYMMCIRY GPFRATIGhS. XMCOTOa

ENTRY XNOOTw ×MCDTO_

• L_B_ XNCCOOC
•XNCO KE$ INTEGERS FROM B17 TRANSLATION FRACTION, 1-I2=0/12-11/L2° X_OC(_.

•XN_ ENTRYFUNCTIONXNccSUBROUIINE TC ACJ_ST [H_T_I) T_ _MBER BET_EE_ I A_O 12XN_O00SXNCDO0_
• THIS PaOGRAM tS flEQbIMEC BY GEN CF CATA rEObCTIC_. - .X_CCO_
• CALLEO AT STEP feel I_ G_N. ×NCCO0'
• LABEL XP2UwO_
•XP2_W _ FCRTRA_ EXPONENTIAL R_TINE - FLOAT.PT, BASE, FIXE_ PT. EXPCN° XP2UW_C_

NTRY EXP(_ XPZUWOI

• LAB_ XP3UQ_

• XB]UW ENTRyHTRANEXR(]EXPONE_IIAL MCUTI_E FLCAT.BT. BASE A_C EXPuNENT (BXP3) XP3UOOxp3uoo

• L!BeE
•XRfi_F _C_ND ANC FIX HIGH J_E 61

• A FCR_ NTAY_
XRNC

RaN CLOSEO-SUBRC_TI_E F_NCT_CN TO CUNVERI l• _UNBER TC THE NEAREST 17 I_TEGER
• TME CVERFLO LITE IS T_R_EC Ch
" LABEL
SXBSYS
• LABEL

J_B XRAY PROGRAM rETrIEVAL
• L_BEL

JOB GENERATE _C UP_ATE XR_Y _Y_LIC T_PC

FLOATING-PC]INT

X_NO0_

X._NOOC,_
XRNDO_,
XRNO00_
X_NOOCC
XRNO001

' ZZZZGOt
....-ZZZ_

RTRVOO_
RTRVOOI
UPBTOOO
UP_TO,)I
UPCCO00
ZZZZZ_O

0
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SUBRO_TINE$ RE_UIREC BY T_E PrCG_A_$

O

0

_'O

_J
7

O

_o SYSTE_ PROGRAMS ANd SUBROUTINES.

aBSORB i BGNO AESGRPTICh CCERECT[CN F_R EACE _EFLECTION.
($TEHJRT ANO _CRCSI_)

AI_PT - CONVERT AtBtC E¥ 2_I TO FLOATING P_iN1 r_U_UER {A(llel_l,3J
(E_LCEN)

ACUTP m PRINT C_T A/e,CiO,_,etC [N _CCCRO_CE _[T_ ACC_RAC_ (TAK_C_|

ARCTN - F|XEC POINT A_CIaNGE_T R_T[NE (I_-S_E)

ARR - AH_ANGE SCALAH FEC[UCTS 1_ OEC_EASIN(; CH_EH {T_KECA)

AT_ - LOCK-UP ATCH E_E IN _TC_-TYPE OICT[C_HY (H[GE)

ATN_E - PREPARE aTC_-1YFE h_E F_R CICTI_N_RY [_IGH)

_TN_ - GET AT_ TYPE _BER FRC_ _T_M ANO _[C_I_NA_Y NA_E (STE_A_)

ATEU_ - FORTRAN FLOATING POINT _ECT_NGEflT _TI_E (_TN)

ATCFL - _CC INTEGERS TC FLOATING POINT N_BE_5 [$TE_T)

BSBELL - PR_G_ TC USE _-R_Y SYSTE_ _N_ER T_E BELL _CN[TCR |STEWART)

BSFCR - PRCGRa_ TO CALL X-_kV 5YSTEE F_ B5 [F|GE)

B5TESY - PRCG_A_ T_ USE X-ReY SYSTEF _NCER T_E (BS_S MOhIF_H (STeWArT)

B_NGL - CO_P_TE _O_O _GLE FOR =B_OLA-. (C_ASTAI_ aNC STE_A(_T)

BC[ST i CC_PUTE BCNC CISTJECE FOR =8_CLA-, (C_AST_IN ANC STEWART)

BCCIS --__OE!_T_T1CNS _F BC_C OIST_CES [C_STA[_ _NC STEWART)

BCZ - BINARY l_ ZCNEC CECI_eL (hiGh)

BEGIN - $YSTE_ BEGIN RC_TIhE eNC 8S5 L_AOE_ (_ZG_I

BL_hE - INSERT d BLANK C_HACTE_ IN _N hA- F_H_T k_C |_lE_aH[)

BCNSEK - B_NO SEEKING FECGR_ FOR =BONOLA- {C_51a[_ _N_ _T_eHT)

BO_CL_ - PRCG_ FOE CALCULaTiNG BC_C LENGTES _NC _:_GLE5 (L|NK 6_C_)
(C_ASTAIN ANC ST"E_T)

II I I I I I I I i II in ,
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esTu - F RTRANBACKSPACEIAFE (geST)

FC TRA eY e.  sseAu (o.c.T.) BY _IG_I

EYEEYE - PREPARE 65C CA_S _R _SING TAPE FR_N SYSTEM REFLECIION TAPE
(LINK 3100C) (C_A_T_ifi ANC STEgART)

CALLE_ - -CCNTR_L S_ER_TINE F_R X-ray S¥$1EN i_IOfl)

CELFAC - CALCULATES CELL CChST_TS ANC _R[TES DIN_RY TAPE ISTE_A;_[!

CHAC - INTERCEANGE A _NC C _XE$ ITAKE_A)

CHEK - CflECK TRANSF_R_E_ CELL _INENS|CNS AND _NGLES (TAK_CA|

CC_fiT - PRINT N_NY C_NEflT_ iN ACCCRCaNCE _|TH fi_BER _F GR_P ANC

CC_C - RE_RITE THE S_eCE-_RC_P SYMBOL T_ _BEY F_I_RITV _LES (r_KE_)

CC_VN - RE_RITE THE SPACE-GR_P SY_BCL T_ _BE¥ C_hVENTICN (I_KE_AI

C_E - SYNFETRY GENER_TCR F_fi FC_R|ER REFLNEflEN1 (H_LOEfil

CR_ - SUBROUTINE T_ SICR_ IfiTEGERS In LEAST SIG_IFICAN[ _[GI[S _F A
FLCATING PCINT h_EE_ (STE_A_ T/

OATFX - PRCGRAN TO CALC_LdlE _ITARY STRUCTURE FACTORS (LI_K IG_CCI
(ECL_E_)

CATEC - PRCGRA_ F_R CATA _ECUCTI_N (L|NK IOCOC)
(JA_SKIt STEWART, _QR_SINt C_ASTAINI

CEGR - C_VERT RAC|AfiS TC CEGREES (TAKECA)

DELGRF - A PROGRAM T_ PL_T A _RJP_ (CHASTAEN)

CELFLT - PROGRAM T_ ASSIST IN PLCTT[NG CF _ G_AP_ (C_ST_Ihl

_ELS|G - PROGRAM TO GIVE CELT_-F _S FC PL_T (L|_K _00) (C_T_I_)

OIFSYfi - PRCGRAN FCH C|FFERENTIAL SYNTHESIS (L[hK 2_0) (_ROSIN)

OI_ - S_EROUTINE TC CETE_INE CI_ENSION _F A _EFLECT|_N (_ICKINSC_)

O_P_ - FCRTRA_ _P RC_TI_E (gC_P)

DCT - _CT PRCCUCT BETMEEfi TkG VECTORS I_[GEI

CPS_E - FCRTRAN OC_BLE FREC|SICN AR[TH_AT[C S_NG_TINE (fi_PS)

DSC_W - FCRTRAN CQ_BLE PEEC|S[ON S{_ARE RCOT FE_CTIQN (ggSQ)

ECCAL - FC_RIER BLCCK CALC_LAICR GF FC_RIEH kEFI_E_ENT (HGLCE_)

ECIT -ECITS SELECTEC REFLECTIONS AT FC TIME (51E_ARI)

EFTCM - FCRTRAN E_CF[LE TAPE (_EFT)

ERASE - _R|TES BLANK TAPE F_R REC_RCS TO BE EE-_t_|TTE_ (HIGH)

ERLI_K - ERRCH L[NK PRC_RAN (LIfiK 3_7C_) (E|GE)
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ERREC - ERROR RECORO St_EiACCTIIWE (HIGH}

ESCET - PRCGRAIW TO SCRT l.lNlTARV STt_UCTtJRE VALUES FR,i_N taPE
(L II_K lC80C ) (C ICKII_SCN )

EX22| - EXAMINE THE SPACE (_HCIJP SYMBOL WITH ONE 2-FC}LI_ AXl_
EXCEPT F.| (TAI_ECA)

EXEMW - EXECIJTICN ERRCi4 MChIICR FC]R X-RAY SYSTEi_ (HICJH)

EXPAfiC - SUBR(]UT|NE TO EXPAhC ,eTCH PARAMETERS FCi_ I{'_O[VICUAL AI_IS(JTR_PIC
TEt_PERATLJRE FACTC_R CJTA (MC]RflSIN)

FCALC - CALCULATI{]IN OF STR(,CT_RE FACTORS (STE_.ART ANC HIGH)

FCINPU - REACS REFLECTICN [_TA F(]R FC SUBRC]UTIfiE (SIEWART)

ri.w I_ OAD^ c'tc I_'c" SI _RT _ H _r:u)FC r_c - FC PROGRAM (L ..... ) M R L_ ( E_

FCCUlP - wRITE REFLECTICN CJTJl FOR FC SIJBRCUIINE (STEWART)

FCPACH - (ClaMMY) ALL(_WS PATCI_IhG CF FC (SIE_A_II

FCSI_MS - ACCUMULATES SUMS FCR R AI_C RESCALE |t_ FC PROGRAM (STEWAKT)

FCIWC - FC PRCGRAM (LI_K ICC1) FC .S-IATISTtCS (STEWART ANC HIGH)

FCFtJN - Fi_RlEfl REFLECTICN REACII_Gt GENERATCH, A_C FOSIJM FI:EI)ER
(I_IGH, STEkART _fiC I_CLCEt_)

F(]CB - TC TAKE CARE CF BELL kCI_ITC_R CN-LINE CAHCS (CICKIhSC_N)

FCSIJIW - FCURIER SUl_MATlCtl 5_EHCUTIfiE (HIGI_, STEWA_It _C _L_LI_EN)

FCURR - CCINTRCL PRCGRJIM FCB FCIjRIER SYNTHESIS (LINK _t(_C(3)
tHIGH, SIEWART, A_ I_LCEt_)

FPTIJW - FCRTRAN FLCATII_G PCIIWI TRAP ROUTINE (_FPI)

FCREF - FC_RIER REFINEi_E_WT PRCGR_M (LINK 5CCO) (H{]LGE_)

GEN - CEVELCPS FCUR|ER CIRECTI_G CODES F(_R EACH REFLECTICN (SIE_,A_T)

GEI_CIIK - ARRANGES ANO CI_ECKS SYMM_IRV CPERATL(_NS FC(_ G_:I_ (STEWART)

GEI_RAT - GEf_ERATICN OF SYMMETRIC ATCMS FROM SPACE-GROUP (I_IGH)

GU - LCENTIFIES EVEI_-_CC CC_CITIC_NS OF [NC_iC_S (CICKIhSCN)

HCLLER - TC MAKE BCC CE_RACIER FOR CRYSET i_TEwART)

InaeS - INITIALIZES aBscrPliCh CCRRECTION 5UE_RC_TINE ABSORB (MCrUSIN)

II_Pl_T - REAI]$ REFLECTICN CATA FCR CATA RECUCTICN (STEWART)

INV33 - INVERT 3X] MATRIX (JCRCAt_/CEKKER MCL_IFtEC _,Y HIGH)

ICBIJW - FCRTRAN INFUT-C_TPLT BINARY (gIOB)

ICHI_W - FCRTRAN INPUT-C_TPLI I_CLLERITH (gICti)

ICSW - INPUTCUTPUT SUPERV|SCR ((_ICS) MOOIFIE[_ FC_ [C]U IN CI]NMCN.
(IBM MCCIFIEC BY HIGh)

ICIJEEL - II_PUT-CUTPtJT RGtjTIt_E FCR BELL M(]t_ITCR.
REPLACES FCRTI_fi ('IICtJ) (STEWART)

I

I
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LS_PL

NAP

NCL

_DIF

- LEAST-S(_UARES LIlies _Ni_ PLANES PI4CGRAt_ (LINK _OCO) (CHAST_I,_)

- SPECIAL FC_RIE_ P_INT FE_TERESo (HCLgEN, STE_ARTt CICK|_SCN)

- _EAL kITH P_NCCLINIC SYSTE_ (TAKEC_)

- PRCGRAN F_R UF_ATI_G CR ALTER|NG A REFLECTI_fi TAPE
,tLINK 1060C) {S1E_aRT)

- 5URTS EVEN OR CCC I_C[CES EF flEFLECTtCN5 (_ICKI_SCN)NlXUP

NCCPCS - CC_VERT NUMBER |NTC A POSIT|VE NGOULO tALEE (HIGH)

NANE - LEFT-JUSTIFY ALL NCN-EL_K CHARACTERS IN aTCN NAVE (HIGH)

fiFIXER - 5_ERCUT[_E FOR FIXING FLOATING P_INT NEHffER$ (CHASTA[NI

NCCALL - C_T-OO_N VERS|Cfi CF =CALLER= FGR N_N-CEAIN GPEHATI_N (HIGH)

N_X - CALCULATE fiE_ CELL _[NEN$I_NS AND ANGLES (TAKEDA)

GREET - RESET RELAT|_hSEIP F_R BET_S kHEN SPECIAL P_SITIC_ PATCHING
IS RE_UIREC (USEH S_PPLIE_ PATC_ FC_ -_FLS=)

CRC_L - CALCULATES STR_CTUHE F_CT_RS ANO _ERIVAT[VES F_R =_FLS=
(OUSING-_ARTZ_-LEVV _IFIEO BY 5T_r T)

CREEL - _KES PRCPER S_FFI_ FCR CRCINAL N_BERS (HI_H)

ORFLS - F_LL-N_TR_X LEASTT_ARES REFIfiENEfiT PR_GRAN(BUSinG _ARTI_-LEVY _CIF IEg FCR SYSIEN BY STEWART)

_RF_N - USES SYSTE_ CCCES 1_ GENERATE REFLECT[C_S (STEWART)

CAIN -REA_S BINARY REFLECTICE TAPE (STEkA_T)

_RC_T - _RITES BINARY REFLECTICN TAPE (STEWART)

CHP_C - CGRRECTiCfi FCR SPECIAL F_SITICNS FCR =GRFLS= (B_SI_G-_ART|_-
LEVY NCCIFIEC BY STEWART)
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_RRES

ORSBT

ORSM[

GRT

CRTES

CRTRIG

- SETTING-UP OF PRELIMINARY CATA F_OM kEFLECTIGN TAPE (STEwA_TI

- C_PY PARAMETERS FRC_ _NE 510RAGE ARHAY T_ ANOTHER
(BUSING-MARTIn-LEVY)

- SET RELATIONSHIP FOR P_SIT_NAL PARAMETEHS _HEN SPECIAL
HEposITCNAL PATCHING IS REC_IREC (USE_ 5LPPLIEC PAICH -_RFLS=)

- COPY PARAMETERS FRC_ ONE STORAGE aRRAY I_ ANOTHER
(6USING-_ARI[N-LEV¥)

- SYFHETRIC _ATRIX INVERSION (BUSING-HARTIN-LEVY)

- CEAL WITH CRTHERHC_B[C SYSIE_ (TAKECP)

- TEMPERATURE FACTOR EVALUATION (6US|N_-_ARTiN-LEVY _OIF|EC
......BYS_Tt .........

- T_IG FUNCTION _CCPTEC FROM SYSTEM =FCALC= S_B_OUT_NE FORORFES= (STEWART|

C_WT - WRITE NEW PARA_ETEHS Ch FRCNT CF BLEARY ]hPUT rAPE (STEwArT)

OUTPUT - (CUMMY) FOR WR|TIN_ C_T ANY _CN-STANCAR_ SPECIAL R_SULT5
ISTEwArT)

PAIPAT - PATC_ T_ PERmiT CALCULATION OF aNY TYPE _F FOURIER FUfiCT_Ufi
ISTE_ART ARC _CLCEfi)

PKCaL

PRy

PSV

P_

RAN_Y

RAVEL

RCAL

RCCR

RECUC

REFLN

RERW

RHH

RHOIP

RpL_N

- PEAK C_LCULATCH FOR FE_RIER REFInEMEnT PR_GR_N (H_L_EN)

- M_TRIX VECTOR PRCC_CT (HIGH)

- SCALAR VECTOR PR_C_CT (HIGH)

- VECTOR MATRIX VECTOR FROCUCT (HIGH)

- FUNCFICN S_BRE_IINE TC GENERATE RAN_ON criers ISTEwA}KT)

" MATHIxIF90-_NGLEFoLLcwsWERE_C_TEIT_K_c_T)GIVES GAMMA A_O TRAnSFOrMATION

- CALCULAT|O_ OF R FCR P-PLANE PR_GRA_ (_CLCEN)

- MCVE_ MOLECULE F_R R-PLANE PROGRAM (_ELCEN)

- RECUCE TRICLI_IC CELL (TAKECA)

- REFLECTtf]N REAC|flG S_BRC_TINE FOR =$HLPaT- (HCLDEN)

- _CCIF|EO FCRTR_E TdPE READ ERROR (gRE_) - SKIP NCI_E RECC_CS
_IBM 1WCE[FIEC E_ SIEWlfiT ARC HIGH)

- =R_OMBH= OEALS kIT_ RHCMB_flECRAL SYSTE_ (TAKECA)

- PRINT C/At A FEWt C _EX_ I'h ACC_RCANCE _[TH ACCURACY

- CALCULATE g OVER A PREJECTIE_ FOR MCVEC _LECULES
(LINK 1200_) (k_L_EN)

- GENERATES TABLE CF TRIG FUNCTIONS FOR g-?LANE PR_G_A_

- FORTRAN REWINC 1APE (_RWT)

(IAKE_A)

RTAEL

RWT_W

(HCLCEM)
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SAME

BCNSEK BONSEE
8TCBZI BTS_

ET_U ETShUCA CRCAL
ALLER CALLER

_ALLER
C C -CHAI OPERATIOn)CELF

RUTS LSCRI

- PRINT C_T ANti.Eft I_A_SF_k_ATICN MATRIX IF CELL HA_ S_M_
ECG_S (TAKECA)

SCAL - CALCULATES SCALAR _CTS A.A_ A.Bt A.C, E.Bt B.Cf C.C
(TAKEOAI

SCN_W - FQRTRAN FLEATI_ P_INT SI_( AND COSINE _TINE (_C_)

SFCAL - STRUCT, FACTOR CALL. EF FCbRIER REFINEMEN! PRGGRAN (EOLO-EN) .....

SHLP - SHELL PATTERSCN FRCGR_P (LINK 55C0) (H_LDEN)

SHCRT - FIfO THE SEORT_ST IRANSLATICN IN a FLARE ( TAKEOA )

SLASH - CHANGES 8L_NK iC SLASF In FRONT OF _,A,B,C_N, CR • (SI_W_T )

SLIbW - FCRTRAN SHCRT LIST INPUT (_SLII

SLE_W - FQRTRAN SH_RT LIST C_IP_T (_SL_I

SMIhP - C_hVERT INPUT FCgM CF 5PACE-GRCUP SYM_CL T_ I_TE_NAL FCRM
(TAKECAI

SMTR - INTERCHANGE SYmmETRY SYMBOL (TAKECA)

SCL_FN - SUBROUTINE TO SCLVE PARAMETER SHIFTS FCR -_IFSVN-

S_L_T_ - S_BRGUTINE TC SCLVE TEMP. FACT. SHIFTS F_R -OIFSYN=

S_R

SPHW

IMC]R{_SI_ )

( MC(_L_,S IN l

- SUBRL_UTINE TO SCRT t_EFLECTICNS ON INDICbS ICICKIN_OtWI

- MOOIFEOFORTRAtiSTCRAGE-TO:-PRINTER HOLLERITH (cJSHP)
(IBIW MCCIFIEO E¥ HIGH}

SPREE - RECRIENT SPACE-Ggt]LP SYMUCL (IF M{JNCCLINIC SYSTEM (TAKECA)

S_RIJW - FCRTRAN FLCATIhG PElleT S_IJARE RCC]T 140_ili_E (c_S_R)

S_IJASH - PACKS ATOM PAH_MEiEFIS STLJRAGE CEPENC_IhG C_i_T[:MPFRATURt_
FACTC_R (HIGI_)

STBIJW - FCRTRAN STCRAGE-TI_-TAPE BINARY (gST_)

STHW - MCCIFI_C FCRTRAfi SICRAGE-IC-TAPE MGLLERIIH (gSIH)
(.IEIW MCCIFIEC I_¥ I_IGEI

SYMTR2 - INTERPRET SYMME1RY CARL (FLCATING PGINI) (HIGH)

SYMTR3 - It_TERPRET SYMIWEI_Y CAR_ (GENER.elL EXP_ESbICi_) (HIGH)

SYMTI;IY - STI]RES SYMMETRY (]PER_TI{]r_S IN A FCRTRAI_ MATRIX ARRAY (IiIGH)

SYSBEL - II_ITIALIZES S_#SIEIW CCtwIWCh BELL ICU T_ELE (STF_;)

SYSCCM - INITIALIZES SYSIEM CC_C_ ....FGRTRAN IG_ TABLE

TABLE

TCL

TES_W

TIME

- f_EhERATES TABLE _F TRIG FUNCTIONS FOR -FC_REF=

- TRICLI - DEALS WITH TRICLINIC SYSTEM (TAKECA)

- FCRTRAN TEST LAST _RITE (_TES)

- READS CLCCg A1 _NIW. EF WASH. (BISSET (RCL) AN_ ,IOH)
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I

,_ ZX/I.2 (STE,_rT)

_ XPFLil_ " FC_GT_a_ FL.E_TI_ PCINT EXPCNEI_FI'IaL FUNCT_N [_

XP2Lik _ FC_TRAN EXPCNE._IAL RCIJTINE - FLC_ATING Pc;IN! _ASE ANO F|XEC
• pc;znt ExpCnE_t (_xp_)

-xp_-----r-e_ expone_t_ _ut_ne eLc_.t.pt, ease _ne e.x_n_nt (_xp_)

• ..... X.r.I_C - P_EpERLY FIX E_S _C R(du_C$ CFF F_L_ATInG puznr NL,NBEI4$ (nX(,;H)

_-oO

It8

!'TO
iL_

;!'_O



e
B, IhIERNAL 709-70_0 SYSTE_ ANC FORTRAN S_BRO_IINE ENI_Y P_lfIlS.

-e
J_

e

t_I_TRY FROGHAM

ABSCRB ABSCRE
ALOFT _[NFT
ANGLE BANGL
ACUTP ACU]P

IRCTA_ AR
JRCStN LSaC-S
ARR JRR
ATAN ATN_k
,4_ ATNF
AT_AME JTNA_E
AIh_M ATN_
ATCFL ATCFL

Z N eo
BCZ_L e_UC
BCZFX eDZ
8L_K ELAhK
C_C CHaC
CHEK CHEK
CCitT CC_ET
CC_VC CCNVC
CCkV_ CC_V_

_CR CCC.S SCN_W
C_S TRIGF
C_ CRAF

CYCleS TRIGF

CEGR CEGR
CEGREE TRLGF
CI_EN CIM
_IST BOISI
CCT CCT
_S_RT CS_W
_MP C_P_k
ECCAL ECC_L
ECIT EOIT
ERASE ERASE

CALLE_
EA|T _OC_LL
EXP XPF_'

_XPAND EXP,_CXP(2 XP2_
_P(3 XP3_W

{FCRIHAN FLCAIING PClhT SERIES
IFLCATING PCINT TABLE L_CK-_P)

{hCI_-CI_A 11_ C]PERAT |UN)

EXPANSII_N)



EfiTR¥ PROCRA_

3

_2

'O
IO

(_CN-CHA Ifi CPER_t [(_N)

( I_CN-CH_ It_ CPERATZC_)

(lkCN-CH_ I h_ C PER.6 T ICN I

I_Cl_-Ch_l IN CJPERAT |C)N )

( NCI_-CIH.6 1_ I_PERIIIDN )



_O

_O

_O

_0
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_0

_'O

_0

PATCH
PATPAT
PCUF, P
PKCAL
PLCTER
Pl,4_
PRELIF
PRIME
PSV
PTCSB
PV_V
RACIAN
RAI_OY
KANGL
Oq' Jim#"

H_C_R
RECUC
REF

RESETB
HESETX
_MCMBM
RHCTP
HTABLE
SA_E
5BTQP
$CAL
SEMIDN
SETFCP
$FCAL
Slf_

SLASI_
SM!
SM II_P
$_,TR
$CLVPM
SCLVTM
$CRT
$CRT

PREO
{_RT

5(_L_,eSH
SYMTRY
SYNTR2
$Yf_TR3
SVSCCM
_YSCCM
TABLE
TEST
TZluE
TIME
TIME
TRACE
TRACEN
THANS
TRICLI
TRIG

UKE

CRPAC
I_ATPAT
Ce4PL;k
PKCAL
CELPLT
PMV

PSV
CRPT
PVM_
TRIGF
RANCV
RANGL

RECUC
REFLI_
WERW
CRBET
CRRES
RMM
R_CTP
RTAEL
SAM
CRS_I
SCAL

FCP
SFC,_L
SCt_lj_

£L

SMTR
SC]LVPt_
SCL_1_

SOR
SPREC

S
SYMTR'I
SY)!I_
SYMIH3
SYSI_EL
SYSC_Id
TABLE

RTES

T llWEeW
TINCL
TRAC_
TRACE
TRAI_5

UKEEF

{FCETRA_
IFL_TIhG

(OEL CL,
(FC_R_N

,"3,

FLCATINGTAPLII TSERIES

IC_Ij BLE!

(CLCCK AT I_ CF W)
11 I_CHEASES I_EMI_RY L[:CATI{_N 51

E XP A[_SIC_ )



3el'B4
............. ......

O

0

,0

ENTRY

U_CRAN
UNITY
U_TRAF
VCL
_TFN
XSTSNU
XLSC_T
X_lX
X_CCT_
XNAME
X_CO
XCRO_L
XR_C

(eSH
(OS_}
(SST)
(OFAO)
(CFOP)
(CF_P
(CFSel
(CSH)
|CSH)
(EFT)
(EXE)
(EXE)
(EXE_)
{EXE_)

(F[_)(FP)
I lOB )
{lCHI
IICSI
ll_SWl

ICU)ICU}
|RER
(RLR}
(RTN)
(R_T)
(SLI}
{SLC)
(SPH)
(STB)

(TSBi
(TSH;
(TSHM)
(_EH)
|_LR)

,SPHo
STIr.

:u.IT.

om a

CRA_
UNIT_
TRACE

8TS_b
XLSCLI
XelX
XNCCTg
fiA_E
XNCC
CROhL
XRN_

CALLE_
NOCALL
ESTUV
CPSU*
CPS_
CPS_v
CPS_--
CALL[@
fiCC_LL
EFT_b
ERR_C
EXE_
ERREC
EXE_
lOHt_
FPT_
IOOU_
TO_UW
IOS_
IOS_
IOUOE
lOU_

TSB_
IO_U_
_T_
SLI_
SLOU_
SPH_
STeU_

TH_k
TESU_
TSBU_

TSHU_
WErW
STBU_

SPH_
STNk
ICSW

(hCh-CFI_ IN OPERATION ;

(_NCh-CF,_[N CIPER._TIGN)

(t:t_TEREC L_LY THRLIId_ ExE:'_i_)

(ENTE_EL ChLV TFIHC]LjG_ EXE_'_}



0

ENTRY
• i el

-(BSR)

B)

_(LCH)|RCH)
-(_OC)

-(RDS!(REw
(SCM)

-(TCO)
-(TEF)

-IwR$|
-¢_TC!

PROG_J_

IOSw
IOSW
IOBUW
IGSW
IOSw
RERW
IOSW
IOSw
lOSw
lOSW
IOSW
CSw
OSw
IOSw
m_nW

7
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CARD FCRMATS FCR X-RAY CRYSIALLCGRAPHY SYSTEM PROGHAMS.

fiEF R T sSw_ TIC -CARC F THI CRIRAN CCNV_NTI_NS.
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f_

Z

0

r_

ANGLE

ATC_

ATCMG

8-13
8-13

1_-21
22-6I
_2-72
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BEGIN - NARKS THE eEGlfihlhG GF BINARY CECK$ CF _NIVERS_LLY U_EC

ERCUTINE$ THE1 _ILL BE STOREC IN LCW CG_E°CEMAT (J6|
1- 6 BEG|N_
7-72 ([G_CEEO)

eETJ - AhISCTRCPIC TEFPERAT_RE FACTOR CARC. [h FORTRAh _QTAI[_
2mIPItm2IaASTAR(IIIJSTAR(JI,_II,J)=BET_(I,J)

 -61  CE TICAC  ZTH eZJ62-7 ANY G L PU_CEI_G CE$IREC, C_ eL_NKS.

Bid AI_ISCTRCP[C TEkPEg_T_EE FaCT_H CA_C. 1_ .r-C_TRalN _(]TATICN

E'lPl'"21"l_l18,4 JI'BII,J)FCRMAT IAGtlX._,GF

• . _L_
8-13

14-2!
2-2g
0-37

_i6-53

62-72

IXX.XXXX ell (FB._)
SXX.XXXX 022
SXX.X_XX 833
SXX.XXXX e|2
SXX.XXXX el3
_xx,xxxx e23
AflY LEGAL P_ECH|_G CESIRECt C_ BLANKS.

BLIPIT - C,EC TC CCNTRCL ESI|_,T|_N _F GVERALL ISCTR_PTC TEPP_,_T_RE

FACTOR _NC LX3_ |FCEMAT (A6,1
l- 6 eL[

7 $ ELANK
8-13 XX.XXX _X[_M PERHIS$IBLE ER_G_ I_ ESTI_ATEC 0

14"Ig XX,XXX

XX.XXX

NINIM_N PERMISSIBLE R_IIC F_R A_ ESTIMATEC
LEVEL SCALE FTAC GW TQ THE GVE_¢ALL EST[-
N_TED SCALE FACT_H (BL_K = I.O, 1°_.
_C _AEIATICN)

k_Xl_M PERMISSIBLE RATIC F_R A LEVEL
• SCALE FACTGR T_ lee GVERALL SCALE F_CTER
- (BL_NK = l=g)
(IG_C_ECI

B_CRN - AEIS_TRGPIC TEEPER_TURE FACTCR CARC. wEERE I'EVPER_T_E F_CTG_
IS EXPRESSED I_ TEENS CF Ell)_ST_G THREE PRINCIPAL AXES GF THE

LIPS_ID CF VI_RITIC_. _NC THE El ltJ) _E VECT_S _HICHE PRES THE C[_ECTIChS GF TW_ OF THE TbK_E PRINCIPAL AXE_ CF
THE VIERATI_N ELL[FSCICo T_E T_IRO IS _SSUNE8 T_ _ NORMAL T_
THESE TkO. - "

1- 6 _l

e-13 _A_EAT.
14-18 X.XXXX _1 (F6.6)
Ig-25 X.XXXX B2

l:x  l4g-54 XXX E21
_-6C X.XXXX E22
61-66 X,XX_ E23
67-72 ANY LEGAL PUhC_IhG CESIREC, Ck _LANK3.



• ]°2-49163

L_
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Z
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ENCRI_G - At_ISCTRI_FIC TEI_FERATIJRE FACTC]R CAR[},,

BONC

LIKE THE HN(_ C,_"O
EXCEPT THE COEFFICIENTS ARE EASED 6N GRlfi P_I_TS.

F6R_AT (A6_lX,A ,gFXCEP_ CC_ "_1FFICIEhTS ARE BASEL 6N GRIC FLINTS.
I- 6 ENGR_G
7-66 FORFA1 IEENTICAL _ITE ONGRN CAR_,

67-72 ANY LEGAL PUfiCEIhG 6ESIRE6e ER _LANKS.

- CALCULATE A SPECIFIEE =BLOC= DISTANCE.
FCENAT (A6t2IIX_6It

I- 6 BCh_ll

? l _ANK8-L3 CM IC FGR FIRST ATG,.
L4 $ _LANK

1_-2_ AT_N I0 FGR E_NDEC ATGM
21-72 ELAfiKS

2C-25 XXX.XX

32-37

3E-T2

BYEBVE " F_NATC'LL[_G(CARDA6_X.'EFER_Ch'SYS'E'[5I3 212' INPUT FGRHA[S,o ,6
7 BLANK

8-13 SIX C6L_NNS CF HCLLCRITH FU_CttI_G _
BLANKS TO IDENTIFY C_MPCUNU, MINUS ZER_
(-_) 6R ZERC i_l _S A LEA_ING SY_BCL iS
N6T ALLC_EC. T_I_ ICENTIFICATi_ IS
CHECKED 8Y V_RI6_ PRC_aNS F6_
CGNST_NCYt SO ChCGSE CAREFULLY M_I_
RE_ENEER YC_R C_ICE. (_)

16-18 IXX_X 6_0 kEFLECTICN LEEK IC NUMBER.

22"23 SX c_TPuT TYPE.
! = 650 REFLECTI_ Card
2 = 650 FC C,_C, 3 = _SING T_P_

2,-2, SX CUT. : USEsSC FREL SCALE FACTOR CN rAPE "
PU:T_ =LIfiG GF FREL DATA FRUH T_PE

ALL SCALES sEt E_U_L t_ Io_
• USES FRE RESCALE FACT TAP

AHC I E SCALE
FOR THE INDIC_TE_ GRGUP GNLY.

26-T2 _NY LEGAL P_hCHIhG CESIREO, CH BLANKS°
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CELCCN - CELL CCNTE_TS CARE

FCR_AT (A6,ZXF3 _t61

B-IO XXX h_MBER GF ATOMS CF SPECIFIED ,YPE IH THE
W_CLE UN[T CELL

z,-72 ,zG c. o)
CELL CELL CCNSTANTCA_C.

FCRNAT (A6pIXtAEt]FE.3t3F_.5tFT.C)
I- 6 EELLI_

7 $ 8LAhK
8-1] SIX CCLUMNS _F HCLLERITH PU_C_I!_G _"

BLANKSRTOCZ ICENTIFY CCMPQUND. MINUS ZERC

NET ALLCW ICEIEIS NTIFICATION IS
_,,_ _ r_'_S pR_-_c _.
CCNSIANCY, SU C_QUSE CAREFULLY AND
REMEMBER Y_R CFCICE. (A

22-21 S_A_,_AA e CELL CI_ENSIfi_ (F8.])
3C-37 SAAA._A_ C CELL CI_ENSICN tFe.3I
]8-46 t÷A._AAA_ CCS _LP_A (Fg,_)
_7-55 $÷_.A_A_ C_S BETA (F_._)
56-6_ $÷A,_AAA_ CCS GAMMA (Fg.5)
65-71 $A_AAA. F(O,O,_) (F7._)

CEILSC- SlANOARO CEVIAII_N_ CF CELL ;IME_SI_S.

FCR_AT[.6 (A6"IXL_']FS"a'3Fg"5)CEL
7 $ ELA_K

8-i3
1_-21
22-29
3G-37
3B-46
_7-55
56-64
65-72

CCMPIC. CCNPC_N_ IC_IIFICATI_N CEde.
$AA_.AAA STA_CARC CEVIATI_ CF -A= AXIAL LENGIE.
$AA_.AIA SIAh_ARC CEVIATICM GF -B= AXIAL LEhbTE.
$AAA.AAA $IANCARC CEV|ATI_ _F -CA AXIAL LENGTh.
$÷A.AAA_ SIANC_RC CEVIATIC_ OF COS ALPha.
$÷A.AAA_ SIA_CARC CEVIAII_h _F CGS B_TA.
S÷A.AAAAA SIA_CARC CEVIATI_N OF COS GAMma.

BLA_KS

CC CIT-C NOIT,CNCARES ,SUPC LCU AriCN 
7 ! _LAhK

OF THECELL _c_.
_X.XXXXX WAVELEN_T_ (FE.5)5IN T_E A

14-21

C-3_ SX,
(MAX). (F8.5) .......

SX._XXXX MINIMCN CBSERVEO I_TENSIT¥ (F8.5)
(T_E VALUE PU_C_EO INTC THE SCALE CARE
WILL SUBERCE_E I_IS VAL_E WEEh _SIhG
M_LTIPLE LEYEL CATA,)

(ThE _EXl SEVEN FIELCS ARE .EAC I3.)
'SX RADIATION TYPE (SwITC_ LLL)

(1)i(_) FGR (X-R_Y,/{NE_TR_Ni
$SX CAMERA TYPE ($W|TC_ LL) .......

(I)/(2)/(3I/(_) F_R (PCW_ER)/
(SPECTRCMETERIIEQUI-INCLINAIIU_

WEI_IENBE_GI/IPRECES_IC_ISSX (1)/( FCR (APPLY I/LP)/(BYPASS THE
APPLICAIIGN OF IILPi



e

iiio
s.

O

!i!•

/"

L-;

_0

0

4

CCI_CIT - CC]NCITICN CARC,
4"/-69 l$X

5C-52 S$X

S3-_S

56-58

67-72

_$X

SSX

SX.XX_XX _ER[ZCNTAL FCK PRECESSICN _ETHCC
ANY LEGAL P_hCfi|_G _ES|RE_o CH BLANKS

ICC_T INUEC)
lI)l|2) FOR (CALCULATICN OF IH_ SQUA_
_C_T CF INTENSITY. F_Lt12t EICI/(BYPASS ....
CALCULATICN _F S_A_E RC_T)
REFLECTION CARD FCH_AT ($W|TCfi LLLS)

(1)I(2)1(3) FCH (STANgAflC F_HATI/

, [, . E_ ](_1t(2)t(_ ec_ (_lltel (el Axis
K_X. AXIS PARALLEL IC THE BEA, FOR TM_

(F8.5)

CC_CIT -
F_AT I_tLX_lo3FB.5,713,FE.SI

_" 6 C_NCIT

_-13 CCflPG_NC IOENT|F|C_T|CN ($E_ CCLS. _-13
OF T_E CELL CA_C). .... -

1_-66 PUNC_ CNLY TE_SE APPLICABLE CCLUMNS FOR wH|CH THERE
[S A CHANGE _F _AT_, LE_E ALL _THeR
CCL_MhS BLANK UNLESS CAmErA TYPE CHANGES

. I_E_ P_NCE IN F_LL,67 72 ANY LEGAL P_NC_|_G CESIREO, CR 8LANK$.

CR¥SET - CALLA_G CAEO FCI_ CChI_IY-TAKEC,lt TRAN_F_RI_ATIC_N PRC]G_AM.
FC_ |A6_

CYECL S _[- 6
7- 9 XXX M_XIMUM NUMBER OF CYCLES (0 OH _LANK " _)

X.XXX Xl *LLCWEDV CUECF   ACT) A(C  LANX-
CYCLING

2C-26 X°_XX REJ_CTICN RATIC FER FC/FC LESS rH_ T_|S
VAL_E (0 OR _LA_K = 0°_1)

2_-32 xxx,xx_x GRIC INTERVAL IN x _IREctt_n FoR FtRST
CYCLE (THIS V_LuE Is RECuCE_ _n EAC_
$uCCEECING CYCLE FCR ATOMS _HICH ARE AT
P_AKS) (e CR BLANK - C.O0!*C_LL EDGE)

33-40 XXX.XXXX INITI'L GR[O INTERVAL FOR YDzrcEt_ON
,l-4e XXX,XXXX INITIAL _RID INTeRvAL FOR Z D,HEcti_N
,_-72 (IGnC_E_ )

_i-,! e

O
)
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1- 6
7

8-13
Lk S
15 X

OATFIX - CALLING CARO FOR CATA _A_[PULATI_N FRCGRAM.
FC

R_AT (A6tlXA_IX|l,_F8,4)Ca IX
$ BLA_K

CCMPIC - COMPOUND IOENTIFICATION C_UE

16-23 X_X.X_X

2_-31 XXX,XX_X

]2-39 XXX,XX_X

'i...-TZ

CATC_S - MCLEC_LE SHIF1 CaRE
FER_AT (AG,3FG._)

I- 6 CaTerS
7-I_ XX.XXX_X

-]0 XX.XXX_X
31-72

CLANK
(_ _R ELANKII(L) F_ (_0 NOT)/(O0) LIST

[_CI_I_AL REFLECIIC_ [_FGRMATIC_

I_l |A VAL_E _F

EIC_O,O) TC CVERRI_E CALCUL_I_EC VAL_E
(ESEALLY LEFT 8LANK)
FlC_nooI TC OVERHI_E VaLtJE EN T_PE
(ESEALLY LEFT 8LA_K)
_INIMUM VAL_E CFF FUR WHIC_ AN E IS TO
BE CALCULATED (ULaNK = 0.0)

X DIRECTION SHIFT
Y CIRECTICIN SHIFT
Z OIRECTION SHIFT

(IGhCREC)

CATRC_ " CALLING CARD F_R DATA _ECUCTICN PRUGRAM (_[NK lOOCO)
FORMAT IA6.IXtAe,6X)

7
8-13

CEL_IG -

27.-23

_LA_K
SIX COLUMNS _F HOLLERITH PENCHING _|_

BLAhK_RT_ ICENTIFY$C
MIN_S ZERO

LE_CING SY_L [S
NOT ALLOWED, THIS ICENTIFICAI[O_ L$
C_ECKEO BY VARletS PROGRAMS F_R
CCNSTANCY_ SG CHOOSE C_REFULLY a_C
REMEMBER Y_R ChOiCE° (a_)

k-18 BLahK
_-72 ANY LEGAL P_CHI_G DESIRED, CR BLANK_

CALLING CARD FOR -EELSIG_ PROGRAM ILINK 8CCC).

FCRMATt.6 (A_,l_u_LS|_6._'AI'Ix'_3'2IIX'II)'iX'2FI_'q'(FlC'_ CR 13))
7 $ BLA_K

8-13 CCMPIC COMPOUND IDenTIFICATION CCDE
1_-15 $X (a)/(BI FOR GROUPING F-OBSERV_OS BY _CUAL

(_UMBERSIIIINTERVaLS OF MAGi_ITUOE)IC|NC|
t6-1_ SXXX (CROI/I.MS, FC. (A. IT_MEIICIIt.OCI-_E_N-

S_ARE_ AVERAGED CELTA-F (_M_ORO)2C'21 SX I=U .ELECT. IaPE SCALE FACTORS fISCAL)
2=MAKE ALL SCALE FACTORS = 1,0,
3=USE RESCALE FACT_ GN REFLEC[° TAPE

SX L=NC GRAPH (IGHAF

3=FOR S_ALEO CELTA-F $_ _XIM_M = I00.
_=8CT_ GRAPHS 2 A_C

31-&0 XXXXX,_XXX NININ_N FO T_ BE CCNSIDEREC IN DALE.
41-50 X_XX_._XWX NAXINUN FD TO BE CCNSICEREC I_; CALC.
51-53 XXX FOR EEL 15 - do _ER _F REFLECTIONS

PER GROUP.
_1-60 XXX_X._XXX FER COL 15 = Bo R_NGE EF FG PER G_O_Po
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OISPER - TEMPLETCN CISFERStCN CCRRECTION CAMO.

EOII

FO.NATZ.6 {A6+IXs_'A 3+._F;C.3)
7 $ eLAhK

8-13 ATGM 1YPE NAME (SEE CGLS. _-1_ OF F_RMFXI.
14-21 IXXX,XXX CELTA FJ PRINE (F_.3)

22129 SXXX[ XX OELTA FJ OCUB _ PRIME (F_,_)3C-72 ANY _GAL P_NC_I_G CESIR_O, C, BLANKS.

- ECIT CARD FOR MCCIFYING REFLECTIONS aT FC TI_.
F_RMAT (A6tlX 5lSt_FlC.5)

t BLAhK

18-22 XXXXX L _F REFLECTICN OING CH_G_.
...... flC-TE: LEAI[NG ANY _NE LOS IN C_LS. 23-5_ .......

o_,_K WIL' ""SE FCALC "_
2Z-ZT l$$$_ _EW JCCOE S_A (ll/(2ll(]l FC_

+ (CBSERVECIt(_NCESE_VEOIt(_XIi_CT).

_-32 |$SXX hEW LEVEL INOICATCR (l T_ 6_ ALLOWEd)3-_ XXXX._XX_X NEW FRELATIVE AS (FlO,_)
3-52 XXX_,_X_X NE_ LEAST 5_UAHE5 WE[G_T

_3-72 ANY LEGAL CESIREC P_NChING, _R _LANKS,

ENC - eNC CARC.
FCRNAT IA6)

I- 6 ENCIi!
7 _ BLAMK

_-72 ANY LEGAL PbhCEING CESIRE_, CR ELA_KS.

E5C'TRaCEF" C ENC CARC TC I_llIATE SNAPSECT TRACE,ENAT (A6IAS)
l- 6 ENCllt
7-1! TR_CE

12-72 Ah¥ LEGAL PU_CFING CESIREC, _ BLAhKS.

ENCFIL - ENCFILE _UTPUI TAPE. _PER_IICN CAR_, CAUSES _NE cN_-CF-FILE
FORMAT (A6)
TC BE WRITTEN Ch TFE ECC _TP_T TAPE (_T_T)o
_SED IN ALL PHGGN_MS wME_EVER CESIREDo

ENCCBS " SIGNALS THAT FCLLCwING REFLECTIONS ARE SYSTEMATICALLY ^ESE_T.
FCRNAT (A6)

l- 6 ENCCSS
7-72 (IG_CPEC)

ENCTAP - ENC OUTPUT TAPE, CPERATICN CARC. WRITES MESSAGE =ENC GF
C_TPUT TAPE- CN TAPE hTOUT. WRITES 20 E_C-OF-TAPE MARKS _

(IF NTC_T • NTC_TM_ EN_TAP CAR IGNCeEC.)
_SEQ [N ALL PWC_A_S k_E_EVEH REO,
FCRMAT (A6)

EPSILCE

l- 6 ENCT_P
7-72 (IG_CRECI

- ZCNE WEIGHTS CARO
F_AT (AGtlX eF].G|

z- 7 e_SiL_.
e-zo xxx EPSZLC_ FO_ _c0 (eCA_ : t)

ll-l] XXX CKC
14-16 XXX _Ct
17-t? XXX _KL
2C-22 XXX _CL
23-25 X_X HKC
26-72 IIG_CHE_)

e
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.,2

S

Z

ESCRT

FC

- CALL T_E U_ITJ_¥ S1R_CTURE FACTO_ SO_TI_G PROGram,

FGR_AIL- _ IA6_IXE_CRISA_ I|tFTt3)

7 $ BLAhK

8-I_ CCMPIC COMPOUND ICE_TIFICATI_ C_DE.X (BLANK_/,I) FOR (YESItINC)LI5 THR:E-
CIMENSIGNAL E VALUES IN ORDER ON TAPE.

15-21 X_X.XX_ _[NIM_e VALUE OF E C_ WHICH T_ S_RT.
2_-72 I IG_CREC |

- SET-UP CARC FCfl ST_CT_RE FACTOR CALCULATION.
FGRMAT (A6 IX A6t6XtSl6tF6.0eZ6)z- 6  cst,,

8-13 C_MPIO, CCMPCUNC ICENTIFICATI_N CCCE.
l_-2l ELAN_

t2-25 ItSX rE_CALE CCCE. (1)/(I) FC_ USE (OLO)/(New)
RELII!VE oral=iF CT_.q"26-2_ l_$x FIXAT. Z|/I_T_) FO_ inc PARTIAL

CCNTRIBUTICNI/IPA_TIAL CC_THJ[_UTICN)/
(USE PREVICU$ FC A5 PART|AL CONTRIB,)

3C-33 $S$X _I-FI. (1l/(2I FOR ILO-FIIIIHi-FII Trlb
AhC EXPCNENTIAL F_NCT|CNSo

34-37 $$$_ CISPEHSIC_ CCRRECTI_o {1)/(_) FC_
(CO NOT APFLY|/(APPLY _flERE NECES_RY-I

_e-_ sssx uSEr PATCH. ¢x)/(a) FOr (eVP_SS)/(APPLY)
_2-45 $$$X (1)/(2) F_R (_CRMAL)I(CRIPPLE AUTOMATIC

SCALING OF ATOMS At SYmmeTRY centers FCH
CENIRIC CNLY)

_6-_9 $$SX FC SCALE FACTCR. (1)1(2) F_ (NC_M_L)/
(SPECIAL),

_C-53 $$$X FOR _VERALL T.F. _L_'YS CCMPUIES C_RRECT.

(useN w| F, R
(CO NCT)/(DC) C TE CICRALL B.

S_-59 SXXXX, SPECIAL FC SCALE FACiOR. (_UMBER CF
ASYMMETRIC UNITS CH MOLES, LF OTHER
THA_ THAT OETERFINEO BY LATTICE TYPE,)

6C-63 $SSI BLA_Kt ZERO. dR _hE C_USE5 PAramETErS T_
LIST _N BC_ OUTPUT TAPE. T_ _ILL CAUSE
PAReMETERS ANC FC let LIST. Ti_rEE
SUPRESSES 8GTH lit IS _ESI TO LIST F.C
AT FOURIER CH OIFFERENTIAL _¥_TH_SIS
TIME BY COOING T_E =F_bRR= _ =DIFSYN=
CA_C TO LIST FC, T_E_E@Y _AVING A@Q_T
1/3 CF CALCULATIC_ lIME M_VING TAPES.)

64-72 A_Y LEGAL P_CHII_C _ESIRE_ _r I_LAM_S.

FILTER - FILTER CARC. FOR USE WITH SPECTROMETL_ CATA.

1_-1g $,FFFFFFFF TRANSNITTANCY _F FILTER (FLO._)
2_-'2 ANY LEGAL P_NCHI_G CESIRE_, C_ _LANKS

xN, E  xcc e CF
FORMAT (A6)

1- 6 FINIS_
7-72 (IG_CREC)
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FCR_AT - OEF|nE$ 8CC REFLECI|C_ CATA.
FCRMAT (12A6)

1- 6 FCR_Jl

?-72 T_E FC_MAT QF THE ECC HEFLECTIGN BAT_. AS
IF A STANOARO FCHTflAN CARO (E.G.-

FCR_F_ - ATCNIC FCR_ FACICR5 FGR hEUTRCnS.
FCflMAT (A6t[X)t_iF_.31_A6tA_)

1- 6 FOR_Fn
7 $ FLANK

JTG, TYPE _AME ($E_ C_LS. _-13 _F
t8"11__ SFFF.FFF CCHE_ENT ATGNIC S_TTE. ING F,_T_R.Z-2 ANY LEGAL P_CHI_Q _ES!rE_. u BLANKS

FCR_FX - _t eA_C I_ t e_ F_C1C,_ eL, X-raYS.FC (A6 IX _Q,F].5,FQ.3,6A6,A6)

e'L] T_ SXX CH_M_CTE_S THE L_ST CF _H|CH

_uST NCT ae a CIGII_ETa I_EnTIF_ ;HeTu_-TvFe. eLAn_s l_n_R_o.

21"2_ IFFF.FFF _T_SC scattering F_Ct_r (F8o3)
s _LAt_

3_-72 _NY LEGAL P_fiCHInG CESIRECt C_ OLA_KS°

FC_EF - FC_RXER REFX_lh_ Pe_GR_ CALLING CAR_
FCRMAT (A6,IX_6,_ _I 2121

1- _ FC_R_ 1,
$ 8LA_K

8-13 CC_PI_ - C_PCU_C |_ENTIFIC_T_ CC_E

(15-17) S_ATICN CRCER
15 X

16 X
17 X

18-1g SX

F(]URR

22-72

FCR_FXJ.
(F8,3l

(IITHIgC) U IN_ x
I1)1(2)/(3) F_ K SUM XN_X

IT l_ I_PCRTANT FCR SPEEC THAT (3) _A_¥
LEA ST R_PZCLY _h_ (1) _CST rAP|CLY.

IC _r 8UenKllll)l(2) FOR (S_T _LL SCALES
• z.c)/lUSE SCALE Fr_ rAP )/tus 
RESCALE FACTC_S F_CM TAPE)

(CF_r BLAnK);(I) F_r (rEAC nC AT_ pAr_.
kITH CCOE-| _CM_ CR ALL pArA_et_r_ MAY
8_ SUPERC_Ee OY CA_cs

(I6_CREB)

LLING CARC FCfl FC_RIER PROGRAM (LIhK _COI

1- 6 F_UR_I
7 | 8LANK

8-13 SIX CCL_NnS _F HCLL_RITH PU_Ct_ING T_
!

l_-lg ELAfiK
_C'_ |$X (FLANK)/(1) Fer (nC)/(veS) LIST FC.
23-25 _XX cALCuLATICN Type (|3) rEFEr 1_

S_
[=uSEr FUNCTIOn _V _EA_S _F r'Atp t.
2=P_TTERSON (_=F_*_2)
3=VECTOR MAP (SHAHPENEC_C_IG|N _EM_VE_

PATTERSCN),

I II I III III I I i i ,,,= , ....
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FCURR - CALLING CARC FCR FCURIER PRGGRAH (C_NTIfiUEO)

26-28

2q-37

..36-_1

42-72

SSX

64

FCURIEH BY REJECTIQN TEST WITH " i_=FC ,,-EL) WItHF,ENtaF_, LESS-tH_n_ •
5=F_ _URIER, F_ C_RRECTED FeX Ot__ --_

,ATICANDC,It_,IA (4_ useD.6-Fc FCU,IE,. P_ASEANGLES_Et_R_r,_:C
FRCN UNITAXY STRUCI'UHE FACTORS.

7=FC FCURIERt USES ALL REFL_CT[CfiS..
8=CELTA F BY REJECTION TEST (FQeRR FCI

F_ _B_ERVLC_
9=•EL HT (F_-FCI F_H LESS-TEA_S,F. WZTH _ASi SCUAR_S,EIGH_

APP_ E_ L| TC CEL[_ F W_(F_-FC).
TEST LESS-THANS _Y (FNI_-FC).

lC=CELTA F FC S_RRECTEC F_R CISPERSI_
_ATIO _NC C..T_XIA (8) _ED.

IL=_ELTA _ _B_E_VEC _EFLECTIUNS CNL¥./F_ ]

!2=,JELTA . VARIABLE _EIGHTI_G w-(FC )

_ 1.0 WHICF!EVER IS _SS At_C REJECTSS-THANS CALCULATI LESS-THAN
13=E NAP. PEASES FROM STATISTICS,
I4_E M_P _H_SrS F_M cr

(8LANK)/(i)' USE (CLC)I{R{W) F RELATIVE
SCALE FACT_flS,

XXX.X_XXX ELECTRCN CENSITY SCALE FACTOR. BLARKS
GIVES OUTPUT AS IOwI2/VI.SIGMA F. FACTC_
PUNC_EC REPLACES 10.

X.XX REJECTICN RATI_ USEC BY CHITEHIA TESTS _F

(4) ANC _) IF LEFT 8LAfiK RR SET bCU_L
TC ZERC .u INCL_E 4LL REFLECTICNS.

ANY LEGAL P_NCHIfiG CESIREC, CH BLANKS.

FUNCTN - FUNCTICN SPECIFICTICE CARD FOR ORFFE (SEE PAGES 2.OI-EXX FCH CETAIL$

FCRMATIA6tlXtilt3,12)1- 6 FUNC h
7 $ ELA_K,-_o xx. FU_CTICN.U._ER

Zl-Te _UNCTIC.SPECifiCATiONZ_Te_.S _ ,._
CCLUMN FIELCS (2_ FIELOS)

ta-tz ,x (_LAn_)/(Z_ FOR (FunCtIuN s_ECIFIcAT_n
CaMPLETEI I(C_NTInUAT_n CAR_ F_LLCWS)

FU_CT_ - FUNcTIeN CCNTI_uATIen cAr_ - uP t_ z_ _Lue_e_ PER FUnCTI_jN

FCRMAT(A6,S_a_13,12)I- 6 NCIN
7 l _LANK

8-70 F_NCTICN SPECIF[CATI_h INTEGER_ IN THREE
CCLU_N FIELC$ I21 FIELDS)

71-72 SX (BLANKI/([) FCR (F_NCTICN SPECIFICATI_

C_PPLET_IlIAN_THER C_NTI_UATICN CARCFCLLCWS

FZEHC - PUT I Y 7X 5lRMA_ AN VALe{ CF FICCCI CESIRE0.
Fe (A61ZEACI

1 XXX._IXX_ VALUE CF FIO_C) _ESIRE_.
2 ANY CESI_EC LEGAL PUNCHING, CX BLANKS.

GRAFTL - PUTS A TITLE an =CELSIG" GRAPES.
FCRMAT (12A6)

1- 6 GHAFTL
7-12 ANY DESIREC TITLE FCR GRAPH.

GrIC - FCUMtEI_ GRID CdRC.

FCAMAT IA6(tlX A_,3141

8-L3
l_-17

@LA_K
CCMPIC, CCMPCU_D iCE_IIFICATICN C_CL.

SXXX heMmeR GF GRIC INTERVALS ALGNO i_E x
AXIAL OIRECTI_N,

SXXX GRIC INTERVALS ALCNG Y AXIAL C[_ECTICN
tXWX GXlC INTERVALS ALChG Z AXIAL _[RECTI_
ANY LEGAL PUNCHING 0ESIREC, E_ BLANKS.
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HTER_

HTET

..,_ 3,2-12

" GENERATE A LINEAHL_-B_NCEO ,HYEROGEN=
F_RMAT (A6t2(IXlA6It6X,F6.3tXX,A6)

I- 6
7

B-13
X_

15-20

_Z-72

ATOM.

$ @LANK
ATOM IC CF FIHST CEFINING ATO_

$ @LANK
ATOM I• OF 5ECGNC UEFINING ATOM T_ _HICH

-HYERGGEN= IS TC _E =SGhOEO=.
flL6NKS

$_X,XX_ DISTANCE OF =HYDRCGbh= FRCN SLCONC UEFIN-
[_G ATGM {MAY BE NEGATIVE. .G.- _UR THe

_SE 75 AN_STRCM UNITS,
$ _LaNK

ATOM I_ FGR GENE_TE_ =HYGRCGEN= ATOMS,
BLA_K GIVES SERI_LIZE_ I_ENTIFICAIICINo

_LANKS,

- GENERATE T_REE TERFI_AL TETRdHEGRALLY-E_N_E_ =_¥OR_GE_q= _T_MS,
F_RMAT (A6_3(_X _6I_IX_F6_t3IIX_A6I)

8-L3 ATCN I_ GF FIRST AIG_ OEFININ_ TETRAHEORAL
C_AIN F_R _RIENTATION OF =HYO_C]GE_-S.

14 $ - ELA_K ....
I_-2G _TGM I_ GF 5EC_N_ ATG_ DEFINING TET_AHE_-

RAL CHAIN FCR _RIENTATICN CF =HYDRCGEN=5
21 $ @LANK

_2-27 ATOM [e eF TN[_O ATOM _EFINING TETRAHEC-

ARE AIT_CHE_. THE FIRST =HYC ,C,Gc_F'' " = 1S

GENERATED FR_M T_r SAM_ VECTOR SE;_SE AS
AT_NS I (CDL 8-13I - 2 (COL _p-2_),

CHAIN_ ANC TO WHICH THE =HY_RCGENS= ARE
ATTaCHE_. THE FIRST -HYCRCG_N- GENE_T_C
FROM THE SANE VECTGR SENSE AS ATOMS
1 (C_L B-13) ANC 2 (COL 15-20).

Z8 $ B_ANK2g-34 X_,_XX B NOING CISTANCE. ZC_C GR BLANK _ILL bSL
I._?B ANGSTROM kNiTS.

3_ S _LANK
36-_1 aTOM 10 FCR FIKST GENERATED =HYORCGEN=

ATOM. BLANK GI_ES _ERIALIZEO IOErwT,
k_ $ _LANK

63-60 aTOM I_ FOR $ECON_ GE[_ERATEO =HYdrOGEN=
AT._j_I_,, BLANK Gl_t_ SERIALIZC_ I_ENT.

49 $ B LANK
5C-55 aTCN IG F_R T_lH_ CC_C_^IE_ =FtYDROGEN=

ATGM. BEANK Gt_E5 SERIALIZED I_ENF.
96-72 _LANKS,

- GEI_ERATE Tt_(_ TETRAFliCI'IALLY-BCNI:EI] "tIY{_R_GE_" AI_S,

FCRMATI_6 (A¢t3(t_.,.,.ISSA6I'IXtF6"3'2(IX'_6)'

7 $ _LANK
8-L3

Iq
13-13

15-20

S

2I $
22"27

28 $

_TCM IC (IF FIRST aTOM OEFINING EOr_[_
E_LANK
AT{_ ID IF TERMINAL ATGN I(_ WtiICH TI_E

TttREE =hYDRGGEI_,, A IONS aR_ 8C_.,OED.
aT(IN I0 C]F SECCNC ATGN OEFINI|_G BCNO, At,_[,,;

AT(]/_ Tl_ WHICH =I_YOR_GEN5" AHE ATT_C_EC.
OLANK
aTI_M IO CF THIR_ AT(_IW DEFINING 8E]._O.
BLANK

Illlll llIl I I I illli it I i li , __ __



t
3,a- 3

q/63

e

'J •

i:i•

i'/:

e

I't TET

_TRIG

- GEhlE_ATE TWC] TEIR_FEG_ALLY-BC]NDEO =t..tY(3ROGEN- ATI3HS. (CONTINUEC) ....
2';-36 XX._XX BCNCIhG CISTAt_CE. ZErO OH BLAt_K WILL USE.

35 S
36-41

4_-72

1.07fi ANGSTRG_ UNITS,
BLANK
ATOM I0 FCR F|RST G_NERATED -HYDRCG_N=

ATCM, _LANK GI_E5 S_RIALIZEO IC[_T.
BLA_K
AICM.:_C FCR SEC_C GENERATED -HYORCGEI_=

AIC_. BLANK GI_ES SERIALIZED |OE_T.
BLANKS.

GEt, CRATE A TR|GChALLY-ECNCEO ,HYCRCGE_= ATGM.
FCRNAT (A6t3(|X A6) LX,F6.3 lXtA6t

!- 6 ,1RIG, ' '
7 $ BLAf_K

8-13 _T(]M IC CF FIRST Jl_P CEF|hIN_ BG_C
14 $

22-2
28 $

2_-36 XX._XX

3S
36-41

_2-72

OLAhK

BLANK
_TCN l_ OF THIR_ AIC_ DEFININ_ _N_.
BLANK
ECNCZNG DISTANCE. Z_QC OR BLA_K WILL _Sr

1.C75 ANGSIRCM CNII,
8LAfiK
_TOM IO FCR GENEHAIE_ =HYCROG_N- ATOMS.

BLANK GIVES SERIALIZEC ICENIIFICAIICN.
CLANKS.

IGNORE - IGNORE INPIJT. CPEI_ATICN CARE. CAUSES FCLLG_!NG CAR{_ TC BE
IGNOREC (SKIPPEC IJI_COrwCITICNALLY) AN{] SUBSEQUENT CARL_S T_ BE
SKIPPEC UNIIL A _[AT_ CARE IS REAGHEC. (USEL" PRINCIPALLY
JLJST BEFORE A eCA1A CARD),
USEO IN ALL PRCGi_A_S W_ENEVER CESIRED.
FC_NAT (A(_)

I- 6 IGNCRE
7-72 (IGNCREC)

L_EEL - T_PE LABELING CdRC, iJSEC TC I{]ENTIFY 81t_AHY TAPE.
FCRMAT (12_6)

I- 6 LABELS
7-72 ALP_A_C_RIC INFC_MATI_N TC] BE _S_ _S TAPE LA_,_L

LATICE - CEhTRICITY ICEI_TtFICATICt_ CAHO.

FCRMAT[.6 (A6,2X|_LAT ,2_,AII_L E,, SPELLING AL_(J ACC_PIEt_
CEN_RIC CELL P = ACENTRLC CELL.7- _ ssx ,. T_[C

IC-12 IliX CESIGr_ATICN _]F L_TIICE TYPE
PtAtBtC_RtleF LJhiE CF THE
FCREG(]ING M_ST EE PUNCHEO.

13-72 ANY LEGAL PUNCHING CESIREI_ UR BLAI_K_o

LAYCUT - CESCRIPTII_I_ OF IWAP FEB FCURIE_4_ PAIIEI_S_J_, EIC..
FCRMAT (A6_IX,a_vql4olX_3ll I_ 12)

1" 6 LAYCI_i (A61 t
7 | CLANK

B-L3 CCMPICt CCMPC_ND IDEHTIF|CATtCN C_,

(THE EEXl t_lhE F|ELCS ARE PUhC_EC (I_1.1

14-17 SXXX
lB-21 SXXX
22-Z_ SXXX
26-2g tXXX

NUMBER OF P_IMTS CALCULATEQ IN X _I_CCIIC_
CRIGIN VALCE CF X (IN GRIC CC_R_I_ATES).
INCRE_ENI ALONG X (IN GRIC CO_ROIhAIES).
_UMBE_ CF POINT_ CALCULATEC IN V CI_ECIIC_



,7

E

2°e

'0

LAYCUT - CESCRIPTICN OF MAP FCFI FC_URIER. ICC]N1|N_EDI
3G-33 SXXX C_RIGIN VALUE C]F Y (IN GR|O CQCJRCI_ATES).
36-3"/ SXXX [I_CRE_EI_T ALCt_G Y {iN GRI_ C_C_HC_INATt_I.

SXXX
SXXX
$XXX

3B-4

SO
51
52
53

$

X

SCAh lm FOR  IVENCCC_ROINATE GI_E$ Ft_CM PAGE TC PAG N ltt_:

C_E,N THEEP_GE (SECONQ SUNIt ANO ],_pIuF THE PAG IHI_C S_M).

tii_M_E_ CF P(]INTS CALC_LATEC Ih Z _I_CIICh
CR[GItW 9ALUE CF L (IN GRIU C(_RI_INATE_I,
INCREMENT ALCNG Z (IN GI_IC CC]C_RI_INaIE$).
BLA_K
SCANNING INCEX F_ X CIRECTICh, Ill)
SCANNING INDEX F_ Y CIRECTICN. (1t)
SCANNING INDEX FC_ Z CI_ECTIUIw. (Ill

CIRECII_N IS L IF I_AT
MAP (FIRST SUN) 2 IF

IF IT IS AC_S$ _E

LINE W|C1H w IS IHE NUMBER CF PCINTS ALONG X3 (I_
TEIRO SCANNING CI_ECTI_) TC APPEAR _ _NE PAGE. |F THE
_UM8ER CF P_lfiTS ALC_G X3 IS GREATE_ 1HAM W t Lt _ i_[NTS
APPEAR CN THE FIRST PAGE _NC THE N_NBEH _F PC1NTS HENAI_I_G
Te OE PR|hTE_ WILL BE _ECREASEO BY W, AS Se_N AS THE NUMBER _F
PE|NTS REMAINING ALCNG x3 IS EQUAL TG CH LESS THAN w + Ie ALL
RE_AIN|NG PO|flTS _ILL BE PRINTEO ON THIS PAGE, THE _^Xt_UM
PERMISSIBLE _ALUE FCfl W IS 3C.
(F_R LISTING CN _ |20-CHAH. PRINTER (I_M 7171_ _AX, W 1_ 27.)

AS Ah EXA_PLEe _F THE NUMBER CF P_[NTS ALCNG X_ IS
21ANC W IS 2C_ GhE PAGE WILL BE LISTCC _[TH 21 P_INTS PER
LINE. IF TH_BE _E 6L PeINT$ ALONG X] AND W IS 3_, ]C PGI_TS
WILL APPEAR Ch THE FIRST PAGE AN_ 3I CN IHE SECO_C.

IF IF|S FIELC IS BL_NK, CR w IS _TSICE IH_ RA_GC
IO TO 30, THE FRC_R_M WILL C_NP_TE AN _PTIMUM VALUE CE _.)

5E-5_ iX SPACE CCNTR_L i_CEX. It2)

THE SFACE CCNT_CL INDEX MAY _E L_E_} 3_ _' FCH SI_GL_
C_UBLE TRIPL _ G_ACRUPL SPACING MES IVELY. ITR/PL_
_R QUadRUPLE _AClN_ _EQUlR_ EXTRA C_MPUTI_G AND PRI_TIt_G
TIM_I AS BLAh_ LIhES MUST BE PR[NTE_.I
AhY HUMBER OTFER IH_N GNE _F THESE WILL CAUSE COUPLE SPACING,

6C-72 | BLANK

LINW - T_ MARK BEGINNING CF A LINK.
F_RMAT (A6_15|

APPENCIX V)
12.-72 (IGNC.aE_)

LIS1FC - G_LLI_ CARO F_R =LISTFC= PRCGRAM IL[NK LI_COI,
F_LR_AT (AGt|X_A_.3|ltIG_l_IStSI2_2A2t_12I

l- 6 L|SIFC
7 $ BLANK

CCMPIC CCMPC_ND ICENTIFIC_TICN CCCE.
t(2|/(3) FCR EACH INDEX OEPENCING _PCN

IIT_E) SCRT.. F_R IMINCR S_RT INDEX IHAT
C_ANGES M_ST FRE_UENTL¥)/(INT_RMECIAI'E
SCRT)/IMAJCR SC_I CHA_GES LEAST IN
FREQUENCY) F_N H I_OEX.

S_RTING FREQUENCY F_ K INDEX.
S_RTING FREQUENCY FCR L I_C_X.

B-13
14 X

15 X
16 X



;; _i_e

LISTFC - ¢A_LING CA.O F_. -LISTFC= ._GRA_ _C_TI_U_O_
17-20 " XX_A EITHEH THE NUMBER _F LINES/PA_E. C_ ELSE

THE TCTALc_N_EE_ CF PAGES TC fie L|SIECzz x (L)/(P) IF s zT-2G is CL_N_S)/(F_GeS):
22-2, xxx _uMBE. _F C_L_NS/P_G_
as-ze xx _M_E_ _e BL_N_ S_ACES_eTW_ C_CU_S.
s_-ze xx _c_e_ CF PR_N_cc_Ns P_ I_ex,

|_S_ALLY 3 )

3|-32 XX h_MOER CF COLUMNS F_R F-CALCULAIE0
3"3A XX _U_UER _F COLUMNS F_R PHASE (IN CYCLESIo

]S-36 XX SPECIAL =LESS-THAN= FLAG (E.G.- • ).
3T-3E X_ SPECIAL =EXT|NGI- FLAG (E.G,- E ).
3g-40 SX (BLA_K)I(1) FCN (CC)/(O0 _CT)PLACE MINUS

SIG,_IN FRONT CF I'HE F-CESEHVED THAT ARE

LESS-THAN_ (THIS MAY THEN BE CCNVERTE_T_ A LESS THAN SIG_ WITH PEN-AND-INK)

...... . ......... _., _.SIR_ .........
CASE (LEAVE ZER ' _ BLANK F_R ACE;wT_|C)

_3-4_ SX (BLANK)t FCR (SINGLEI/(C_U@LE)SPACE.
_-,6 $_ (BLA_KI/I II

TITLING.
_9-T2 _LA_K.

LCA_ER - CALL SYSTEM UPDATE PROGRAM
FORMAT (a6,1X_6eI_)

8-13

14-16 XXX

17-72

_LANK
NEW T_PE IC IE.G. =TMAY63-)

USUL_LLY THE _ATE CIF IAP_ PRePARaTION.
=L_GICAL- TAPE N_MBER _PCN wHICH THE hew

SYSTEM TAPE |S TG BE GENEKAiE_
(IGNORED)

LCACPC - _R_CTING INSIR_CTIQN FOR waITING BI_ARV P-AITE_SGN T_P_
r_

l- 6 LOAD (A61
7

B-13
14-16

17-lg
2(]

_1-26

21-26

2_-30
31-34
3S-3B

$ BLANK
CCMP|Ct COMPOUND iCENTIFICAI|CN C_DE.

SIT INPUT TAPE N_MBER (BCC), 1131
(BLA_W CE C IN THIS FIEL_ C_SES TAPE 5 IC BE USL[I)

Ill BINARY PATTERSON IA;E NUMBER. (13)
$ BLANK
CCCCCC TAPE CGNTR_L WORD.

=SEARCH- CAUSES IAPE I_ _E S_ARCHEC FG_
END OF LAST flATt_RS_fl.

=REWIND= TC 8_IN MEg TAPE. (A6)
CCCCCC TAPE CGNTR_L SEA UWGR_-- RCH T CAUS[ TAPE TC

BE SEARCHEO FOR EhC _F L4ST PATrE_SEJN_
REWIND TG BEGIN _Ev TAPE. (A6)

$FPP _AL_E CF MAXIMUM POSITLVE P_A_ iN _ATTE_$_N

S_MM MINIMUM VALUE TO eE COUNTE0 A_ SIGNIFICANT
SR.R _ADIUS _F ORIGIN PEAK iN GRID uNi.s (C CR

BLANK IMPLIES hC _flIGIN PEA_ T_ _ .....
INSERTED) (F_.l)

$_W VALUE FOR ORIGIN PEAK. (I41
l BLANK OR ANY CESIR£_ PUNCHING



3o2-1e

e

e

_e

_e

_e

_e

_e

/ :!e

2

'e

LSGPL

MAF

-CALtINGC*"O_CRt_ASl-SCUA.ESLI.ESA_O
F_R.ATI.* (A6'IXg_CI"'IImIX'I)m2(IXmlli)L$

7 $
8-13

14-I_ SM
16-1g I_MM

SX2C-21

_,2-23 SX

PLANES.

8La_K
CEMPIC. C_MPG_ND ICENI'IFICAT[UN CGOE.
(1)/(2) FCR L,$, (LI_E)/(PLA_£) (LCRP)
NUMBER _F ATCM CARC5 dE ATOMS T_ CEFIhE

(OR WAKE-UP) THE L.S. LIN_ _R PLANE (NI)
IGNCKEQ [F = ZERO. IF NON-ZERe tNTEG_

CAUSES CALC. _F ANGLES EETWEE_ T_IS L[_
OR PLANE ANO ANY PHECEEBING LINES A_O/_
PLA_ES cosec _e_-z_. (I_GLE=

IGN(]REO IF = ZERO. IF N{]N-ZE_ INTEGER
CA*J{;S rA=r. OF L.S LI._E _w. PLAHE .Ir_
AT_ p_c_Qiee_ _s _PUT PLUS r_E _TC_S
WELATEDD TO T_E G[_EN ATOMS BUT GEhERATEC
THRU THE ORIGIN AS A CEI_TE_ fjF SYMMETRY. - _-

i vlll.a (i

PR_NT C(]NTRCL C_RU.Fe MAT (A6,lX.314)

l- _ _APIItt
6-13

IB-21 XX

22-25 XX

2_-72

BLANK
C_MPIr, ce.Pe_N_ IeEhI|FICATI_N CC_E.
(Z

PRINTING OF NUMeEHS WIT,IN IRE _ANGE
SPECIFIEO)t(wRITE MAP IN ,INlaY QN =NTAHEE=
AS kELL AS F_NCTICN 2)

ABSOLUTE UPPER LIMIT TO ESTABLISH P_INT

S_P_E_SI_N4ES_L_T L_WER LIMIT T_ ESTaBlISH P_I_T
S_PRESSICN

MAXEWL - LIMITS FCR FCUR|ER S_ATICN.
_RMAT (A6_IX,]I4_F_.4)

l- 6 FAXEWL
7 t ELANK

!ze-_z ,xxx ,_x_._MK To == us_
-2) IXXX M_XIMUM L TO Be USEU

6-33 SX.XXXXX M_XIM_N SINITHEIA)/LAMBOA. (_LANK MEA_S
N_ LIMITI IF@.4)

34-41 SX._XXX _INIMU_ SIN(T_ETA)ILAM_DA. (BLANK MEANS
NE LIMIT) (FB.4)

42-72 ANY LEGAL PUNCHING DESIRE_. C_ BLA_K5.

SUPPLIE_ AN_ C_PY R_ST CF TAPE.
2=PLACE SPECIFtEO PHASE _N REFLECTION

(CEhTROSYMMEIRIC EhLY)
]=REPLACE F-RELATIVE BY F-CALCULATED WITH

A SPECIFIE_ GA_SSIA_ ERH_R FQR ALL
REFLECTIONS.

k=PLACE PHASE eF FC IN E F_R ALL REFLECT,
5=RESCALE F-RELATIVE FCR ALL HEFLECIIC_S.
6=TRAMSFGRM lhglCES (MCEE_)

_CelFY - CALLING CARe FCR =MeCIFY= PROgRaM.

FGRM1.AT6(A6,1XM_c_IS._. ,I6,4F5.3,1212)
T $ BLA_K

6-[3 C_MPIC. CGMPEUND IOENTIFICATIEN CCCE
14-16 SIX I=REPLACE SPECIFIE_ WGHD eF REFLCCII_h

RECCR_ WITH _UA_TITIES FNOM CARCS

0



e



)

7

C:

CPRJTR - CFERATCR |NST@_¢TI_N CARE. _PERATICN CAH_. CCCUWHA_CE L)F ....
C_E CR _CRE CP@AT_ CAROS CAUSES THE C_TENTS TC BE WR|TT_N
C_-LINE AS AN IESTEUCTICn TQ THE C_MP_IER CPE_ATOR. (THE
[nSTRUCT[CNS A_E ALSC LISTEC _FF-LINE LIKE RENAKK CA_C.I
USEO IN ALL PRCGRA_$ WHENEVER OESIRED.
FCRNAT |12_6)

t- 6 CPRAT_
7-72 INSTR_CTIGn TO CCMPUTER _PERAT_A (llaei

CRFLS - CALLING CAR• F_R BLSIhG-MARTIN-LEVY LE_ST-S_UARES PROGRAm.

FCR_TI. 6 (A6,1_FL_6 Ill3, 3F_.3,I31
? $ 8LANK

l_-Z6 SSx N_M_ER OF CYCLES IC eE CALL. InC)
1T-lg SIX (1)/(2) FOR (I50TRCPtCi/(_NISOTROPICI(II'F)

pRoGRAM CONVERT_ IF RE_UIREU. AVERAGE

2C-22 $_X (8[_NK)/(II/(21FER REFINEMENT 8ASE_ C_
(F)t(Fu_2)/(F CCRRECTEO FOR OlSpeRs|C_)

23-25 $$X

26-28 SSX

2g-31 SIX

32-34 tSX

35-37 $tX

38-_0 $$X

_1-_3 SiX

64-46 $$X
67-50 .XXX

55-58 ,XXX

5_-_I $$X

62-72

(IFS_)

(E_ANKI/([) F_R u_ (5CALE)/(_ESCALE)ACTC@S FROM ia (IHESC)

(" uncTzoNs

WEIGHTs E_UAL I._) (IWI
(BLANKItII,. (2)/(3) FQH (n_ cAr_s,,(Punc.

CA_II_IPUnCH C.r_S an_ IGn_r_ n_nPCS E CEFINITE TEST,liSZT BAC TH_ T.F.
WHICH GO NCN-PGS-_EF) (It)

(BLAnKIItI) ( (cc) IST the
_FC CUrinG LAST CYCLE (ILIST)REFLECT'N_. _ SBLANK- CC i 1.

I - LIST THE HEFLECT. FGR wFiICH WEIGHTEC
CELTA-F IS GREATER THAN _R (IH_JI

2 = _IST REJECTEC "EFLECT ANC ALSG THE
C_RREL_TICN _A_RIX FCR _ACH CYCLE

(BLANK|/(I)/(2) V0r (n_)/(usei/(use Prev-
ICUS FC) FIXED AIUM COfiIRl_. (IP)

CAMPING _R ENHA_4CING FACTCR FCR PARAMETER
SHIFTS (BLANK _R G.O - I.O1

RR TC CENTRAL LIST (BLANK - 2.0)
rEJECT FRCN CCNSICERATION IN SHIFIS HEFLECTICNS
W_SE WEIGHTE_ OELTA-F IS LARuEi'_. (BLANK - IC,,_
(BLANK)IT1) (NG)Z(SPEC|AL) SYMMETRY PATCH
_E_IHEC
(IG_C_EO_

PATS_P - CIHECTING INSIB_CT|C_S FCR PATTERSCN SLPERPOS|TI_N
FCRMAT (A6 IX _,I_ 16,21],Fg.3_21_)

_p (_6)' 8LA_K
CCMPICm CGMPCUNC IOENTIFICATI_ C_DE.8-L3

14 t
I_-20 FFFFFF

111
111
CR

27-3, FFFF(FOFFFF

2_-26

36-3g SMM_

q_-T2

8L_NK
SIJPEHPOSITICN FUNCTI{_N INCICAI(]i_.. (13)
F_NCTIOnS NOW AVAILABLE, $$$SUM, $$:_MLN,
$$$M1_, NIn(N) wHERE N = 2.3, ...'_ A_Y

ErETHER NAME WILL CABS( A U5 _UPI_LI{D
5UBHC]bTINE T(] BE C_LLEC
TAPE _lJNBER FI_R 811_HY PATTER-_GN TAPE (131
TAPE _UMBER FC]R flCl_ 5UPERPGSIIIUN GuTPUT. (13)

BL_NK SIG_|FIES T_PE 61
CtQTPUI SCALE FACICH (0 OR BLANK MEA-NS iWO

S_ALLnG) (F¢_..3)N NIMI_N Ncn-zi_HO 5bPEMPOSITIC_ FU_i(.TICN
VALUE) (IF ZERU C_R 0LANK, ALL VALUE;._ AHE
PRINTEC.) (I4I
MINIMLM VALUE Tf] BE CCIJNTEO AS .SIGNIFICAI_T
BLANK OR ANY CESIREO P_JNCI_ING



0

L)

_ESSAGESS=PRE START TC CGNTINUE= AN• S|OPS USED PRINCIPALLY

FC_NAT (A6t
I- 6 PAUSEI
7-72 (IG_CREC)

PEKPIK - CALLING CARC FOR P_AK SEARCHING PROGRAm(LINK 3C6_0)
FGRNAT(13XiFIC._t_I_tFIOoS)

I- 6 PEKPIK
7 $ BLAhK

8-13 CO,PlOt t_E CCNPG_NC IOE_TIFICATIC_ C_UE. --,
1_-23 XXXX.XXX_X _PPER ANO LG_ER LIMITS BET_EEr_ _HlC_l SEARCH IS [I
24-33 XXXX.XXXXX BE SUPRESSEC (TG AV_IO RIPPEL$) THIS IS T_E

SANE FUNCTION AS THE =MAP= C_D _F =FG_RR= S_
THaT IF THESE FEIL_S A_E LEFT BLANK V_LUE5 FRCN
t._E =_AP= CARO _ILL EE USEO (FH_ =NT_PEC=)

3(-38 XXXXX NUMBER CF PEAKS CF HIGHEST I_ENSITY LXPECTE D
T_ 8E LCCATEC IN TEE _SSY_ET_/C UNIT

]_X-_3 ..... HX_ N_XINUN NUNBER _F PEAKS TC BE S_UG_f
..,K O_ 0 = ,n__L _

F PEAKS LCCATEO C_gING SEAR_.

kELL AS PEAKS
S_-_3 XXXX,_XX_X CESI_EC RESOL_TI_ 1_ TER_S CF GRIC C_CR_INATES

S_UA_E_ (BL_K _fl 0 = 3.0)
6_ _UST EE 8LANK

PLA_E - _ESIGNaTES PLANE TC eE T_E_TEC
FC RN_T IA6_LXA_I2_6F8.4)

1- 6 PL_fi_$
7 $ BLAN_

e-ll A$_I XSY$_ YSXSt XSZ_ Z_X$_ v G_ ZSY$

L2-13 SX
(0 IRST NON-ZONE REFLECTI_ I_ F_U_D)

I_-21 XXX.XX_X EEGINNING POINT GF FIRST CC_CI_ATE CI_EC]
(I_ FRACTIONAL CCGRCIN_TES)

-29 XXX,XX_X FINAL POINT CF FIRST C_RCINA[E CIRcCTIE_
0-37 XXX.X_X":Ifi'TE_VAL IN FIRS:T'_dl_kECTICN " " "

xx , x x
_6"5l XXX.XXXX FINAL POINT CF $ECC,_O COaACINAT_ Ct_ECTi_h " l
S2"5q XXX,XX_X I_TE_VAL IN SEC_NC _I_ECTIC_
6e-72 (IG C Ee)

_9

PRII_TR - PR[N,ER INSTRUCTI_t_ C_flO. i_PERATICN C_C. _CCURE_C_ CF _

LINE AS AN INSTRUCII_I_ TI_ THE N ' EP[_RAT_R A_C AUSES THE
.............PR_N-T-_-TO-BE'--S]_C, THE PRINTER HILL ALS_ STUP A_A|N_

INCICATING THE iNi_ OF THE daO ANO TO RETt_RN THE PRINTER T_
ITS NORMAL CCNCITIt_No
USEg IN ALL PRC(;RA_S _HENEVER CESIRED,,
FCRNAT {L2_6)

1- 6 PRINTR (A6)
T-72 INSTRtJCTIi_N TO OFF-LINE PRINTE_ CJPERAT_Ro (IIA_)

RACIUS -  (PEC|FIES size t ATTE SC SHELL 8E CALCLILATE .
RNATI.6 (A6'2XICF6RC|

7
8-13

-11

_6-31
3 2-_7

38-_3

5C-55
_•0 56-6l -
' 62-67

$
XXXXX.

XXXXX.
XXXXX,
XX_XX.
XXXXXo
XXXXXo
$$115

A_TING VALUE OF THETA(I) IN OEGREES
(THE E_UAT_IAL ANGLE, L_NGITUOE)

FINAL VALUE CF THETAII) I_ DEG_EC_
GRIC INTERVAL F_R eG|_ LCNGITUU_ AN[;

LATITUDE IN DEGREC_FIRST RAU[_S (NUST _ T 8E ZE_ _r BLAh_)
SECCNC (ANO SUBSEQUENT) RACII IF _E_lt_E_

(FIRST ULA_K _H Lc_ NAHKS _N_)
T_IrC RAOIUS
FCURT_ rACIUS
FIFTH RaOlUS
Slxt_ RACIUS
SEVENT_ RAOI_S
ELANKS



0 3.2-20

e

iii!e

'-)e

!;

REF - _Er-I_E_N _ai_C IPAt_A_TER CAROS.

8-13 ATI_e4 IC /IF THIS FIELC [5 LEF:] BLANe( THIS
.... " (;ARC ACTS CN ALL ,RICHSIL..__L_:____± i_ ..... __. ....

IF Tile FCLLCklII_G FIELCS are ALL LEFT BLA;_K (CA NOT PUNCHEL_ FRC_

INJi Ilrllin wlnl _r lrll_=l_ EI. EVEI_I PIICLU_I lrlE rl_ll, ll.luilqln_l 311_IDUlt._ miLl. It.

S SCAITEHIhG FACTOR
14ULT IPLIC ITV F_CTfl_

XtYtZ XtY._cA Tl_t_IC PARINETERS

44-46 M ( _BCL FRC)N _EI VE L|ST)

REFLECT[_N CAR_ - FCR I_P_T i_' SITY OATA FR_H

[- 6 SS L_NKS (A6)
7

8-13
14-15 SX

FILIq$ _14 CCL_I',tIE_ .....

_LA_K
CC_P_C I_ENTIFICATI_N_ _PTI_AL C_ _L_
LESS-THAN [NCICATuR-- It CR q _EANS TH_T

REFLECTIG_ CBSE_[C_ _ G_,),_Jt_BE_--
NEA_S REFLECTICh _AS LESS-THA_ NINI_
GBSERVABLE. A BLANK OR ZER_--_._O-K__ .................
P_CHEC INTENSITY kiTH NINI_ _ESERVEC
I_TENSITY. ([2).

SXX'XXXX,_X IHTENSITYtFREL/FHELe*2 (F[O_2| --
CR _PE_ OEKA¢_UfiT_ F_H SPECTRO"ETER.

-_X_XX,_*SIGNAo STANCARC I_I'HC_NCE _EAS_R_NE_T -

ANY LEGAL REO OR BLANKS (FOR FIL_ flNLY)o
FOR SPEC]RC_ETER DATA CNLY- FER_AT FER E_TtRE CA_'-O "

t

23
2_,-2T
28-37

38-_7

_E-72
FCLLG_ING

FC_NAT_e._O(A6tlX'A_tI2m314"FI_i_FI_'4*13XXXPEAK F ER CC_E [13}F_'ItFIC'2'I3'F6"i)
51-56 XXXX.X PEAK SC_N TINE (_ECISECflNCS). (F6.I)
_1-66 XXXXX_X._X E_CK_NC _ECAC_U_rS. (FIO,z)
6T-_1 XXX E_CKG_UNC FILTER CCCE {l_).
TC-75 _XXX._ E_CKGR_NC SCA_ TIM_ (_CISEC_N[_S).

_Y NCT 8E LESS T_ _.1.

REFLECTICN CARD _ARK SEESE C_RO FCR COUNTER C_[A 165_ CAR_ FOR_T).

11 X 'EaS_BE'ENT TYPE (Atlzz _ _EA_FILTE_CCO_(A_
I_-_ _xx_x _eA_c_ACCuNTS_A_

.CTE - ALL FIELCS ARE RE,C ALPHAN,.ER|C. THE. CON_IOERE_ A5



_Q 3.2-2[516_

:2 •

2 e_C:

i6

"e

0

REFIN - INSTRUCTIGN CAE.C FCR _NUSUAL REFLECTION iNPUT
FCRNAT (A6tI3 _16 313 l_(IX A2))

1" 6 REFIh| t t t
7- 9 |$X (111(2)1(3) FGH (BIN TAPE)I(BC0 TAPE)/

(_CC CAROl

_M_ER _ REFLECTIONS ,_ SKI, BEFOREPRCCE ING FI_S _EFLECTI_N RECORD
MAXIMUM NUMBER CF _EFLECTIGNS

lO-IS

16-21

22-2_

S-27B-3O

XXXXXX

XXXXXX

XXX

XXX
_XX

31-72

TQ P_GCESS
USING INFORMATICN FRGM THE LAST

PRECEECING =SCALE = CARE
_ALUE CF H FCR LAST _EFLECTIQN TO _E

PROCESSEC _SING I_FGRMATICN FROM LAST

MATICE F_CM THE PRECEEOING =SCALE= CARD- THE NUMBER
CF REFLECTICNS OR THE VALUES OF Ht K L FCR THE LAST

SPE _E FIRST TO BE SATISFIED Will TERMINATE

TRE_I_ENI CF T_AI REFLECTIBN GROUP.

JXX F_URTEEN FIELCS F_R SPECIFICAIIC_S _F--
REFLECTION _ATA

THIS SERWES TC SPECIFY THE _RCER ANC MCOE (WH_THEi_
FIXEC CR FLOATING) OF THE ITEMS T_ BE REAO AS _FLEC-
TICN CAT_. IT ALS_ INDICATES WHICH W_RDS CF A RECCR_

FROM _ _C _ WCRDS IN A REF EL CTI_N RECCRO. IF A HERD
CR GECU CF W_ROS IS TC BE SKIPPEO P_CH =XB- WHERE
X IS AN INIEGER FROM I TC 9  E  E DINu ON H_w M_NY
CONSECUT|_E WOROS ARE TO BE SKIPPEC. IF _ IS ZER_ ONe
WORE WILL BE SKIPPEO.

F I! ] CCRRESPONCING TfJ bSEFL_L II_FCRMATiON PUhCH-

INFI _ L I_ FF_RR FLCATiNG I_R FIXER H
L(_ATING C_ FIX_:C K

FK _ FFL CR FLCATING CR FIXEC L
FR R IR FCR FLL]AT° OR FIXE_ FUNCTICN _F INT_;NSITY
FW R IW F(]R FLOATING IJH FIXER WEIGHT
FC CRIC FCR FLCAT. C]R FIXEd LESS-TItAN INI_ICATC]R
FI CR II FCR FLCAT, CR FIXEC LEVEL IN{;ICATCR

THESE FIEL{]S MUST _E PUNCHED IN THE SAME _]_OER A_
THEY APPEAR IN YCUR REFLECT I{]N C_TA HECC,DS. A BLANK
IN _h¥ CF THESE FIELDS CAUSES IMMECIATE IEKNINAT[UN
CF R ACI , ;THZS CA C.

REMARK - REMARK CARE° CPERATICN CAR_. A R_MANK CARQ IS US_O T_ INSERT

A REMARKL_TC.. IV'_ C_C CUTPUT TAPE AT AhY TIME FCR INCLUSICN CNIIS.IN .
USEC IN ALl PRCGRA'S WHENEVER CE$IME_.

ALPHa U   I INFCR ATI N  EeAeK (ll e)
- CALLINGCAR FCR RL ST P.CGRAM(L NK ZZ C )

7 $ _IANK
8 - 13 CCMPIC - C_MPCUNC IDENTIFICATLC_ CGDE
L_- 15 S _LANK
I6 X {HI/(K}/(LI/(A) FCR LIST LEVEL BY LEVELS

eF H, Kt L, _R A = ALL LEVELS.
17-11 SIx

FACTORS)/(USE R_SC_LE FACTCRSI/(S_T SCALES
-_IIeSCALES WILL U_ _P_RCeEOE_ BY A_Y

20-2_ .XX_
SCALE CARES WHICH MAY 8E SUPPLIEO.
E{UAL OIVISICNS _F _IN THtT A /LAMBER F_R
G_CUPING REFLECTIONS. BC_NK _H ZERC-= 0_0_
PER _NGSTROM.
FRACTION CF TCTAL REFLECTIONS TO _E
INCLUCEC IN APPRCXIMAIELY E_UAL G_CUP5 OF
INCREASING SIN THET_ ILA_BCA (BLANK CW
ZERC , CR LESS TH_N C.GI) = 0.1.
aNY LEGAL PUNCHING CESI_EC _R BLANKS

_-2e .xxx

2g-72



3 °2-22
4164

e

C_
LI_

RPLJNE - CALLING CAR{} FCR PRCJECTICI_ CF M(]LECULE _ PLANE
FCRMAT (A6tlXA 2I_)RP  hE

SAvE

SCALE

SCALE

:°•

I- 6
7 $

8-13
l_-15 $X

16-17 $_

18-72

- SAVE CA REwsEDR  IS U NT Tt_E
PREV_GIC ATHE SPECIFIED L t

C[]twpU tCfl,_ .-
r_R '_tF. _AT (_6,I,....,,

I- 6 SAVEI|
7- g

IC-12

_''"

BLANK

CCMP[C __'LCCMPCU_C tCENIIFICATICN CC[E(C),(l) I FCR SCALES BY (I.O),(SC.,LE,/
(RESC ) FACTOR

(C,/(1) FCR (CC NET|/lEO) REAU fME _T_ ...........
FRCN TAPE. SCME CR ALL MAY _E SUPEREEUEU
BY =ATOM- CARES,

( IGNORED I

UM A (70Q_.7C_i FUNCTION C_RD. THIS rA
LCS_ F A _EWLEY GENERATED IAPE, II C_bSES

TAPE TC BE MECHANICALLY REMOVE_ FRCM THE

uMBers CF t_E LCGICAL TAPES TO _E UfiLOA_ED. THE
FIRST BL_fiK FEILC TERMINATES THE SCAN _F THE C_R_.

" SCALE CARC PEr lhTENSITY DATA,

7-16 SXXX_,X_X SCALE FACTCR TC APPLY TC INPUT INTE_SITY_

F_EL _IFREL..2 (FIC._)I7-20 $_XX GR_ CENTIFICATI_N (_NE N_MBER PER
GRCUP FRCN _I T_ MAX _F 6_). (t_)

21-30 IXX_X,XX_X MINIMUM OBSERVED INTENSITY (FIO.4)
]I- 32 IW WEIGht RE,TIME SWITCH (1It(2|1(3)

FCR {ALL WE|GHIS-I,0)/IAPPLY U. _C _.
WEIGHTING SCHEMEI/(APPLY USeR SUPPL|E_

W HEME IS (wEIGHT = QI/MAXIF
(SIGMA.Q2-FREL_Q3_Q4-FREL_÷CSI

TC SECTIDN I.ICO FCR EXPLANATI_h OF N_XT
(R_FERIVE FIELDS, FS.])

33-_7 X.X_X _38-_2 X.WXX

_e-52 X,X_X C_

58-72 AfiY LEGAL PU_C_ING DESIRED, OR FLANKS,

- SCALE CARD FCR F REL_IIVE DATA.
FCRMAT (A6.FIC.4,1_)

I- 6 SCALE|
7-16

17-20

21-72

:2 B'13

_ )

SXXXX.XX_X SCALE FACTOR TQ APPLY TC F REL (F1_.6)
_sxx G.CUP |_ENTIFICATI_N (Z-e_l (I_|

A GROUP IDENTITY CF ZERC rILL APPLY

OVERALL F-R_LATI_E SCALE TC ST_RECVAL_ES CF S ALE FACTORS SCALE CARE5
LEADED AFTER G_C_P-ZERC WILL NOT BE
AFFECTEC.

ANY LEGAL P_NCHI_G CESIREC_ CH _LANKS.

SHLPAI - CALLING CARe FOR SEELL PATTERSCN PRCGRAE

FCEMAT (A6,ZXA6.1_II,212,FIC.S)
I- _ SHLP$ BLAhK

CCMPIC - CCMPC_N_ ICEI_TIFICATI_N CO_E
$

X

X

ELA_K
5_MMATICN CRDER
(11/(21/(3) iF H I_ (FIRSII/I_EC_C)/

( THIRD) SUMMAIIC_ I_ex
(1)t(2)1(}) FCR K $_MMATl_ I_CEX
{I)1(2)1(3) FOR L SUMMATICN INDEX

IT IS VERY I_P_RTANT WHERE SPEEC IS A
CCNSIDERATICN T_AT THE INDEX OESIGNATE_
(3) VARY LEAST flAPI_LY AND THE INdeX
MARKED (1) VARY NEST FREQUENTLY



::e

'z,

_3

SHLPAT - CALLING CARC FGR S_ELL PATTERSON PFIQGRat_ (CGNTIHUED)
IB-Ig $_ (C)l(1)l(2) F_R (PATTERSON F_,2.O.S_ARP.

PATTERSON EeeZiI(.S_A_P PATTERSCN WITH
CR[GIN REMOVER (E.wz)-I) As COEFFICIEt_T5

$_ lOl/IiIII2) FOR SCALE _F II.QIOISCALE)/
IRESCALE). RELEVANT dNLV FO_ F_2.

XXX_,X_X_ SCALING CF R_S_LTS
IlGNC_EC)

20-21

2-31
_2-72

STARTT - C_RC TC START CCNT|_AIICN REFLECTION IAP_EC IF THE BCC T_FE TC CATA RECUCTICN M_SI BE SPLIT.
F_R_AT (A61

I- 6 START1
T 1 BLANK

SYMMETRY _ _ cn,r _o_,m _ _r _c_ -_ lhG

SET _F GENERALhEC_ PC ICES. E_CH EQUIVALENT P_S|I|_NIS SPECIFIE_ C " TE SYMTRY CARC.

IN THE INT_REAIIChAL TaBlES MAY BE WRITTEN WIIH T_e

FCLLQWING CON_EETI_NStxIIIFCR- MINUS SIGNS PR_CEOE TH_ NEGATIVE

_ E_ "X e'R, '2' FRACTIe_S ARE W, ITIE" WIIHQ_ANTIT _G_.THE SLA 112 FC _E-HALF_ I3I _LANKS ARE IG_E_.

FCLLC_ING FC_ CaECS.
SYMTRY X_ V_ Z
SYMTR¥ X • 112, -V • 1/2. Z
SYMTR_ X • it21 Y + I12, Z
S¥"TRY X. -,, Z
FCRMAT (12A6)

- 2 GENE_,L E_IVALENT PCSITI_

TAPES - T_PE ASSIGNMENT CA_C. OPERATION CARC. , 8LANK
CCLS T-62 IMPLIES E_ CHANGE IN ASSIGNMEnt F_R
CESIGNATEC BY T_AT FIELd.

FORMAT (A6t12I]!I- 6 PES|
NEW L_GICAk TAPE N_MBER F_R ....

7- _ iXX ..... NT IN
IC-12 SXX NT_T
1_-1._ _XX NTAPEA
16-18 _XX _TAP_B

FIELTAp_I_C] ZERI_S IfWTH_ WHICH I_

BCC INPut T_P_ (FWCM CARO WEACE_I
BCO C_TP_I TAPt (1C P_INTER)
BINARY CATA TAPE {REFLECTICNS)
BINARY CAIA IAPE ISTR_CT.FACIC_S)

lg-21 _XX
22-_ SXX
2_-27 SXX
28-30 |XX

36 SXX
3t SXX

sxx4_ 72

TAPF_L - CARD TC INEIC_IE
EC IF THE BCC

_R,AT (A6)
1- 6 TAPF_L

7 t
B-72

MIAPEC PC0 C_RC G_TP_T ITO PUNCI_)
NTAPEC SPECIAL BC_ CUIRUI IOPTICN_L PRNT)
_IAPeE SPECIAL _IILIIY C_TPUI TAP_
NTAPEF SPECIAL _TILIIY I_PUT TAPE
NI_PEC _NDESIGNAIEC INPUT-_UTPUT
NTAPEH UNCESIGNATEC INPUT-O_TPUT
NTAPEI _NOESIGNAI_ INPUT-CUTPUT

NTAPEJIIGNCRE_NCESIGNAI_C INPUT-OUTPUT

FILLEC REFLECTION T_P_.
T_PE TC CATA RECUCTION MOST BE SPLIT.

8LANK
ANY LEGAL PUNCEING _ESIRE_ C_ BLANKS.

j

I III lib - I II II II i it i
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2

,)

C',

t_tL_ - tztuE cARD. Gpe_Atl_n cArO. prints titu_ _n _cH _AGe _

CFF-L|NEr_EOr_ATIN(2_6_EAcutpu_r" A_ s _en_Ver QEszre_
I- 6 tXTL_, (Ae)
7-,2 ALPHA_U_E.XC xnFcr_Atzen F_r PAGE tItLe.

uld _5 aHPLIT OE
A_]SCTRCP|C TEFP'RAT_RE FACTCR CAR_'v_LC _ 7_7-_81 CF VL_AT,S E IC

WEBSTE - SCRT REFLECTICfiS C_ THEIR INCICES l_ Ah¥ CRCER.
FCR_AT I

I- 6 wE_$TE
7-13 _L "''_

X (I
tTHIRC N THE E INdEx

L? X (I)I(2)/(31 FCR L INCEX SCRT.
1e-72 (IG_C_EC)

XLI_IT - LIMITS X VALUE 1C GIVE eETTER FIT IN E
FCE_AT IA6mlX3F6.3)

I- 6 XLI)IT
7 s

!e-13 XXoXXX

I4-L_ XX.XXX

2C-25 XX.XXX

26-72

BLAhK
PERMISSIBLE _AXI_L_ Error In _STI_ATEC x

(Slh TH_T.,/_A_EC_° USED TC GIVE _ETTEH
E_PIRICAL FIT _F E.S

_I_[_bN PERNISSIDL_ _A_[_ F_R A_ ESTI_AT_C
LEVEL SCALE FACT_ TC T_E _VE_ALL
ESTI_TEC SCALE F_CT_R (8LA_K = l._o [.E
NC VARIATION)

_aXIN_ PERNISSIELE HAT[C F_R A LEVEL
SCALE FACTCR 1C TEE CVEHALL SCALE F_CIC_
(BL_NK = l.C)

IIGhC_EC)

_°O

J_O

O

O
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©
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117 0
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APPEI_CIW II1
_ _ .,m ,mw i._ .,m, a t .m mm lm w N

CESC_IPYICN CF CALCULAIICh C_TR_L INDICATORS .. CALLEC CALC_(J).-

ERF THE TE_ LCACING PRCGRA_ AT FC TIXE

THE FOLLOWING TABLE SEEVE5 TC SHOW THE F_NCTIC_ OF EACH GF rME CALCGS.

FLc ; .oI_G I )
OALCG_(J) I_Et_TIC_LLY ZE_(_

INCT _ET _EC)

z 'VET

4 REFINE _EEALL T.F. CALCULATE _.T.F. B_T U_T
APPLY LT

CAUSE GEhRdT |C BY-PASS
SCILIEG ATOMS C_ CENTERS

AUTCMATIC SCALIEG F_W ATOMS AT
CENTERS

• 6 APPLY NEWEST FREL SCALE LEAVE F_EL _C_LE F_CLE_

• 7

8

• 1C

CALL _SEE PATCH TO FC BYPASS _SE_ PAICH

ECIT _P TC 25 EEFLCTICflS NC ECIII_G NEECE_

SC_E _TC_S H_E NG I_tVI_UAL ATOM
IECIVI_UAL SCAL|_G SCALE FACTORS

S_E _TC_S HAWE
DISPERSION CCERECII_h

NC [!IS_E_SION CQRRcCIIC}N

• 11
FCS SCALII_ (N_IWOER CFYMXETRI UfilTSI IS

tJS C CA_C

_jS_at. FC SCALING
BY LATTICE TYPE

_TERMI_'_E_

" 12 HI-FI FUI_CT lCI_ S L(]-F I FIJ_CT IQN S

13 GENERAL TEMP. F_CT_H ONLY IS_IROPlC TEMPERATURE FACT

• 14 USE PREVIOUS FC USE PREVo PART, CCNT_IB.
AS PARTIAL CChT_IB, AS PARTIAL CCNTRIO_II_N

(CALCC$(I4) IS TESTE_ ONLY IF CALC_S(19) IS NON-ZErO3 )

;_ _ _ET CF ATOM Y TREATE_ A ,FIXED,, _Y( IS RlhG IHEl_ CCNT_ MAIB_TI_N TO FC AS H; BA_IS FC. FC
AS EAC_ REFLECTI_ 15 PRCCESSEC )

16 OVERALL TEMP. FACT,

17 ACENTRIC CENTRIC

. CALCCS(j) SET _iRECTLY BY USER AT FC TIME _N THE FC CAR_,
SET AT C_TA REC_CTIC_ TIPE CR INCIRECTLY BY THE PRUGM_M.

OTHERS _KE

O -

O



-- - 3.;,'l -
.......................... _e3 ....... j

• Ira ,,m .,ll _. ,.m ,i ._ _.l ,ml .ml ,,,m,i

EiNAIqY TAPE FGRIWAT F_R =X-RAY 63- SYSTEM REFLECTION TAP-E...................

RECORD X 63 WCR_S. CCWPCIJNC _I_C TJPE IC A_I_ CELL CCNSTANIS.

wCflC CCNIENTS _PT ICN

REC(_RC IC CCT CICIOICOOCQO
• ! CC_PCLJNC iC CCMPCI_ (A6I -C OR

CELL VCLLJME FLTo Ft.a

BC
'_- e ce
!

: 7 CC$ JLPHA w
I 18 CCS BETA •

',,• _ ___c,,,cs _J_A ,,
IX O, "

g

e

a

C NCT ALL_WED

_• 13 COS AL,
. l/t COS BET"

' L6 A St_IJAREC I]EGII_I_ OF Tee METRIC iEhSC_t_ I_w FLi° PT,,
_• ll AOCCSG _
,_ l_ _CCCSB
_ Ig ABCCSG
_. 2C B SQIJ_REO .....

e

6CCCS-_ ....................................
_ 2_ C $_IJAREC ENC CF METRIC TEl_SCi_

;• _ A,i,_.I_SG_'' 'ARE{] BEGIN INVERSE METRIC TENSGR...... I_ FLT. PT.
2T AeC'CCSE"
2.8 _a.g-C.--. SG •

• 2(_ e, SCtJ_REC
3C E_C_COS_"

]_ ,.C-CC_B- ................O_C'CCSa"

• ]_ c, scu_Ree erie elf INVERSE METRIC TENSGR
35 E_ SCU_REC/q

]._ C. S(_U,eRE_I,_tElCaSG,t2

-._ 3_ EeCeCCSAe/2
'qO li'Bu/2

" FOCC_ ll_ FLCATING POINT

d6 R CI_CS WIIFI CF REWRITESI_ A6 WCRCS FCR T_lPE ICENTIFICAIICN56 TC 63 I-IS RY
THIS RECORD tS ENDED WITH BLAI_K T_PE AFTER EI_C, OF HEnCE]R[_ MA_K_ tPC_ --
REWBITE AFTER REFINE_LI_T),



/

f •
RECCRO 2 3 TC Le WQRCS OCC ECUIVALENCE TAELE OF ATOM TYPE CQCES,

{ DICTIONARY OF ATCH TYPE SYMBOLS|

WCRO CONTENTS DESCRIPTION

I RECGRD IO OCT 020202000000

KINDs F. i tE ER
T_ ,. euu EGUIVALEhT CF ATC_ TYPE NA_E (_.G.- OCT 2360_06060_0

FC_ CARBON).
EACH SYMBOL IS LEFT-Q_SIIFIEC - MC TRAILING CHARACTER MAY _E A NU_ER
RECQR_ Q_LY AS LOfiG AS hECESSAR¥ FOR N_MEER _F DIFFEREnt ATOM IYPtS

TO F R A1 PART uF O|SPERS|ON CORRECTION.
|E Tc 33 FJPP |_AGIhARY PART OF _ISPERSICN CORRECTION,
_ISPERSICN CORRECTIOhS STCRE_ I_ CRIER ACCOROI_G TO TABLE _F HEC 2

_O
j ;

_O

C

_O

iG
I

: I'_ O

T_

_2

O

RECCR_ 15 TC 5_8 kCR_S

WCR_ DE,TENTS

! RECO_O I0
JSYM
dj$_

k T_ _Tq
LAST LATTICE

SyPMETRY CPERAT|ONS FOR SPACC _ROUP.

DESCriPTION

017 CC_NT OF N_MBER CF SYM _PS
I2eJSYN .. TO FACILITATE REA_ IN,
_trlCES OF SY_,EIRY _PERATIC_S (aB M_x).
A CGDE T_ TELL IF bPACE G_Q_P IS CE_TE_E_
I,E, PeAeB_CtRele _N F )

RECORD 9 l_q WORDS F-RELaTIVE SCALE FACTORS.

WORO CONTENTS OESCRIPTICN

TO 65 S_AC_ _:terS BE APPLIeO tc_ F RELATIVE.

CESIGMATE_oF_ _ACH REFLECTIOI_ IN G_{_PCODE ST_R N EACI_ t_EFLECTIC_fl RECO_O.
66
67

6e TC e_

E_

66 TO 16_

NROT, THE NUMBER CF E_TATION MATRICES,

NAT_MSt A FUNCTIO_ CF THE NUMBER _F AT_S
ST_RED IN THE FOLLOWING RECkO 6,

SEE APPENOI_ I||_ SECT, ].3 Ft]R OETAILS.
BCHhGt THE CHANGE Ih OVERALL IS_TRCPIC

T.F. AS CALC_LAIEC BY PNEVi_s FC.
LE C_NSTANTS T_ APPLY T_ F-RELATIVE
_EXT CYCLE Ih PLACE OF W_rDS 2 TC 6_,

F S_ COOE_ BY FH_GRAM.THIS RECORD IS ENEEO wll_ BL_ TAPE AFTER ENg OF rECCr_ MAR_. (FC_
HEWRITE ,tFTER REFINE_EhT),

O



....|°_-3

RECCRO 6

w_A_ CONTENTS

1 RECCRO I_
2
] FCEULT

MGLES
_ATG_

6 INOXC

BI
? B2_

E33 -

_23
13 B
1_ TTAG

19 TG L_TS AN[ LCTS GF wOROS ATOM PARA_ETENS

CESCRIPTIGN

CCT G6G6G6OGGC_Q

TELLS FC HCW T_ SCALE ITSELF F CR LATTICE
CENTERII4G. IT IS SET BY OATA _EBUCT[_h.
ESSEhTIALLY J B17 FC OVERALL _CALE FACTGfi,
THE N_MBER CF W_C$ IN T_E REECHO
EEGI_I_G WITE W_RC 7.
N_M_ER CF WOA_S OESCRIBING EACH ATC_

16 = GEnERaL TEMP. FACTER.
B = INCIVICUAL |SCTROPlC TEMP. FACT_,
6 • _ERALL ISEIR_PIC TEMP. FACTOR,

(REPEAT UNIT STARTS kITH WERO 211

TEMPERATURE FJCTC]RS AS FLc_III_G PCINT,

I_TRCPIC TEMPERATUre FACTOR,
t_. FACTORtAG t_ _CEnTIFY_S_TRC_ZCCA

A_I_t_lc lncI_ . tE_p. FACTo.
_S _AME_T _ _ M I_EntlFICAtlun

At_ _ N TYpE NuMBErINdIVIdUAL ATOM SCALE FACtCR
JKSF F_RAMETERS IN FLGATI_G P_INT.

Z 2'

FRC_ THIS P_I_T CNWARC_REPEAT |_ U_ITS CF 1_ CE_S T-2C) F_R IN_IVI£. GENERAL TEMP. FACT_S,

_PEAT IN UNITS _F B (W_RES 13-2G) FGR INOIvlC, ISOTrGPIC T. F,
PEAT _N UNITS _F 6 (W_RES 19 2_1 FOR _ERALL TEMP. FACTOR.

THIS _ _rO IS ENCEO wITH BLANK TAPE AFTER ENC OF RECCRD MA_K. (FCRREW_I AFTER REFINEment),

REC(_RC 7 TEN WCROS CF S_MMARY C_TA FC]LLf3WED BY ERROR INi-C]RMATiOh

_A_ CCNTENTS

1 REC_R_ I_

2 _XACH
3 MAXK_Y

MAXELL
5 EZR_
6 _REF
7 _AXLEV

8 IGI_ICI
IGR!C2

1_ IGRII_3

II

12
13

14

16

ITF

NM
KI(II

IS_NP

16_NM_hP

CESCRIPTICN

_CT CIO_070CCOQ_ 1C INDICATE THAT THE
FCLLCWING RECORE$ C_NTAIM REFLECT. CATA

._x|.uM H _n tAPe
MAX|MuMK _n t_PE
_xI_u_ u cN TApE
e(cCc) (AFTra OATAFIXI
nu_eR CF AEPLeCT|_nSCNTA__xIMuM vALue _F Level _n_cat_ (W_rc

Or REFLECTICN AEc_rCl
X GrlC iSICaE_ AFTEr FC WItH GrXD CARL)
Y GRIE (STOREC AFTER FC WITH GRI_ CARC)
Z Grle (STOAEC AFTE_ FC wit_t _.ID CA_e!
(W_ReS 8 _ A_C iG ARE |NITZAL[ZE_ BY

_ATA RE_C_ICE TC 777QCQ)
FACTOR t ST LEAST SCU_RES

TE_PERIT_R_ M_OE _ LACYCLE. a ISeTrCFIC ! AnlS_trOptc
nU_E. _e O_FFErEnt SCALE_RCUPS
tCt_C NUMBERCF P_RAM_tErS _nCUU_NG tH_S_ tC
BE V_AIEe AS WELL AS THESE TO e_ HELG CeNSTAN
hemmer CF PARAMETERS VARIEd i. CYCLE WHICH
_S CARRIEC _T W_Efi TAPE WAS W_|IIt:N
HE NUMBER _F ;LEMENIS IN THE MATRIX

_E IhDICATOR _ELLIhG wHICH PARAMETERS WEre

V_RIE_ C_RING THE GIVEN REFInemeNT CYCLE
THE I_VERSE MATRIX FHCM l_e FINAL CYCLE



re

•

/ •

'3

N

12£] e

_9

IS

i@

_9

I,,% •

RECC_C e 36 TO _I WCRCS.

WCRC CChtEErS

I H
2 K

4 L

JC E

wEIGHT

g EL
E2

I_ _aRTA

l_ PARLE1 PARTAR

15

17
18
19

FC
ATAP
BTAPI
AR

21TC 35 FJ
(22-361 TC (36-2531

JGE_

JG_NE

GENER(_)
JGEhERIS)

JGENER(6)

JGEEER(7
JGEhERi61

JGEI_ER (jGEN)

CNE RECORD CF THIS TYPE F_R EV[RY
REFLECTICN.

CESCRIPTICN

HIT FCRTRAN IHTEGER5

F RELATIVE.
S IN ( IEETA)/LA_BCA
El7 lhTEGER LESS-THAN bXTINCT CC_E5.
B17 INTEGER GROUP SCALE FACTOR.
LEAST SG_ARES WEIGHTING FACT_.

(IN C WEIGHTS ARE CALCULATE_ F _EL _I_
[sFsIcRED FCfl LATERCALC, CF WEIGHTS)

STrUCtUreF CTC CATA.
bMITARY STRUCTURE FACICR CATA, -
PARTIAL CCNTRIBUT!CN TC a.
PARTIAL CCNTRIBUTI_N TQ 8
PARTIAL CCNTRIBUTI_N T_ T_E REAL PART EF -

THE CISPERSI_N CCRREGTICNo
PARTIAL CCNTRIBUTI_N T_ THE I_AGINARY PART

_F THE CISP_R_I_N C_RECTIC_
(W_RC CCNTA=_ IlLP|MMECIATELY AFTER
DATA RE_UCTICN_ UNTIL S_C_ TIME A$-_
FIXEC ATOM WITH CISPERSI_N C_RRECTICN
CALCULATICN IS _CE)

STR_CTU_E FACTC_,

REAL PART GF FC WI/_ CISPERSICN CCR ECT[_

NUMBER _F WCR_$ W_|CH F_LLCW,
-I SIGNAL
_BSCL_TE VAL_ _F
_BSCLUTE VALUE _F K
_BSCLUTE VALUE _F L
lhDICES SIGN I_ICAT_R AS

1 " H,K L
2 = -_,_tL

6 = HtKt-L
5 = -H_-K_-L
6 = Ht-K_-L
7 = -H_K_-L

FRINGE C _ RELATIC_SHIP |NDICAT_R AS

= SA_E P_ASE= PHASE CHANGE CF PI/3
6 • PHASE CHA_GE CF Plt2
5 = PHASE CHANGE CF 2,P113
T = PHASE CHA_GE _F Pi
g - PHASE CHANGE CF _Pl/3

lC = PHASE CHAhGE _F _*PI/2
I1 = PHASE C_ANGE CF _*P[13

EITHER _NCTHER PAIR AS _E_VE iF SAME
MAG(H_K,L) _R "I IF NAG QF (H,K,L)
C_A_GES OR -2 IF ALL SYM_S HANCLE_

RE_AT|CNS FGLLG_ 'TH M_LTIPLECITY F_R UN|CbE R_FLECf%_



_/63

_e

RECCRC (8_1_) FCR T_E _-IH REFLECTIflN IN THIS FILE.

RECCR_ (9_) SIGNALS E_C-CF-TAPEo

RECCRC Up TC _l _CrcS _CNG T_ z_ztAt_ rEFLECTIon rECCrCSo_cro z cc Iczozcoocc_o
_CRCS 2 TC 20 nu_eEr GF rEFLEctICns tO t_zs pclnt In

_CRCS 21 T_ 36 V_LUES C E SCAITCRING FaCTCRS FC_
(Sl_ THETA)/La_ECA - ZErC. '

LAst _ _CRes cue_Y recCros 51_uuatlnG FCURIEr Cc_ES,

_O

_O

RECCRC (10._| SIGNALS E_-CF-REFLECTIC_$ FflR T_IS CC_PCuH_,

REC_RC UP TC _l
_CR_ 1
kCRCS 2 TC _t

_CRCS LJ_I_G LT(_ levITaTE REFLECTI(_I_ rEC(_rCS.
C_CT l|ll IIOOOC(]O
ICENTIC_L WITI_ _ECCH_ lg'_).

RECCRC HARKS THE BEGIh_I_G CF CGNTI_UATI_ f_PES.

2 CCI_T_INS A El li_ EGER HI_CH TELL5 _I_|CH $EGt_E_'_T T_IS I$.
kCRC$ 3 TC 23 HAVE E C CO_PCU_C ICENTIFICATIC_ CC]PIE_ Ff_ REC_ 1.

oO



APPE_CIX V
. a _ _ ,m.. m.eIm m_ me

SYSIE_ LINK LABELS ANC
CALL IkG (tRCS FC_ PRCGRI_ SYSTE_

THIS LIST [S THE TAELE CF L|_RARY PRCGRA_S Ih lEE :X-RAY 6_: C_Y_TAL-
LGGRAPMY PRCGRA_ SYSTEM. T_]S LIST WILL BE UP-OAIEC FRC_ T|_E T_ TIME A5
ACCITICfiAL PRCGRJM¢ A_ ACCEC TC THE SYSTEm. HPE_ LCAC[_G THe. PRCUH_MS_
TEE CRCER CF PRCGRA_ _C#S _UST BE l_ THE _R_ERECFL [_CREASING'LINK LABELNUMBERS, REFER TO THE TABLE CF CCNTENTS FCRTH" [ST CF PRCGRA_S W_ICH
ARE CURENTL_ iNCLUCEO t_ THE _CRK[NG SYSTE_ TAPE.

• CALLING
LINK LABEL CARi_
m _ .m ...m ,m ,_ am ,la em ,m ._ .., _. qm _

10C LCACER

IC_C FC

LE BY
ICCI (CALt_E_FCC

i• 2(_QO OIFSYN

2ICE i_FS_/NA

_ 3SCC LS(_BC

CRFLS
_! 40©_ FCtJRR

2-O _OCC FCL_REF

_CC SHLPAT

• 6C(]C BCNCLA

63CC PR(]JCT

• 65C(] LS(_PL

7CCC SL,'PTAP

_° O 7ICE SUPERA
i@

72CC SUPERB

13_C SUPERC

,_ 74CC S_PRi_T

_:_O 80CC OELSIG

'O

PECGRA_

EEGI_h[_G PE_GR_M (BSS LCACER AN_ TAPE GE_ErAT_H)

PaRAmETER LC_CER FCR FC (FC_hE)

FC _ STATISTICS PRCGRAM (FCTWC)

C[FFERENT |AL SYNTEESIS

_CE|F|EE CIFFERENTIAL 5YNTE_S[$

F_LL-_ATR[X LEAST S_UARE5

ELCCK-C[_GCNAL LEAST S_A_S

EUS[NG-_ARTI_-LEVY F_LL-MAI_|X LEAST-_UARES

FE_IEH S_NT_ESIS

FCURIER _EFI_ENENT (SHIFIS ATOMS IC FCU_IER PEAK)

$_ELL PAIIE_SCN

BChC LENGTHS _C ANGLE_

P_CJECTICE CF A _CLEC_LE CN A PLA_E

LEAST S_ARES PLANE _ND LINE

PHEP_p_TICN CF SUPERPCSIT|C_ BLNAHY TAP_

PAITERS_h SUPERPCSITI_N P_GRA_ -A=

P_lTE_S_h S_PERP_SITICN PRCG_AM -8=

PAITE_5C_ SUPERPCSITI_N PROGRAM _C-

RCIAT|Ch PRCGR_ TC FIT MCCEL TO pATTEr_O_

CELT_ F VS FC PLCT FCH SIC_A F_r CATA RE_UC_ICn

C_LC_LATICN _F K_RLE-HA_PI_AN PHASES



3.5-2
• 9t_3

o

_O

_i_•

_O

_O

_O

_O

CALLING
LiNK LABEL C_RC

ICCCC OaT_CN

IC3CC CATCGR

ICSCC CATFIX

IC6CC _GCIFY

ICTCC EEIGET

IC8C_ ESCRT

IIOGC LIS1FC

IIICC C_YSET

12COC RPLAEE

122aC RLIST

125GC PARA_

15CCC TFI_FO

2CCOC GESET

27CCC REFPAK

2ECCC REFSCR

2_CCC T_PCCP

3OOOC PaTCCN

310CC EYEEYE

3tlCC _RLJ

312GC NRLe

32700 (CAL E_
EX_ EC

FRCGRAM

CA1A _ECCCTICh

CA1A CEHRELATIC_ FOR F|L_

CALC_LATICN CF SCALEC _ITA_V ST_CT_E FACI_S

SEAEC_ _C _CIFY REFLECTICN TAPE

FEEP_RE _EIGETS FCR LEAST-SG_RES

S_RT FC_ KARLE-_A_PTNAN Ph_E CETERNINATIC_

FINAL ST_CT_RE FACTCR LIStinG

_C_NA_-1_KEC_ CRYSTAL TRAhSFCRNATICNS

CALC. R C_ER e PRCJECTIC_ FGR _CYEC _ELEC_LE

C_LC. R FCR SPECIAL CLASSES CF REFLECIIE_

LE_ST-S_RES REFINEMENT CF L_TTICE P_RA_ETE_

CaLCEL_TES TENPERAT_RE F_CT_R 5TATISTIC_

GEfiER_T. CF rEFLECT. _NC C_YSTAL SET F_r GE ×r_-5

I_IERCCfiVERTS REFLECTIGN TAPE A_ 81NAR¥ CELK

REFLECTICh SERTING FR_N T_PE

GEEER_L TAPE CGPYING RCUTIh[

P_TTERSCh CENVCLUTICN PR_GRA_

CCNVEET 5YSTE_ REFLECT. T_PE TO NCN-S¥STE_ FG_N_TS

SP_flE EfiTHY=_= FCR EXPeRImENTaL PURP_Sf:S

SP_RE ENTRY =E= FOR EXPERIMENTAL p_Rp_SES

EXEC_TIC_ ETHER CIAG_CSTIC_

_O

:O

_0
iO
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APPEnCIX _!

"0

f'r

rj )

7

j,

_G

_5

Z

9

!'b-

SAMPLE CARD C_C_R5 FCR J£8S S_EMITTEC Ta THE HESEA_CHCCMPUTER LAECR TCRY kT THE UNIVERSITY _F _ASNI_GTCN

EXamPLE CNE. THIS EXA_FLE _AS THE INTENSITY DATA F_R _-MET_YL AOENINE

(_HICH HAS SEEN ASSIGNE_ T_E _hEMC_IC -g-MEAU-). THE CATA IS kED_CED

afiC THE REFLECTICN TkPE GENERATEC [$ THEN _SEO IC CALCULATE STRUCIU_C

FACTCR$ BASE_ _N A SET CF TE|AL PARAMETERS. THE SIRUCT_E F_CTC_S A_

THEh _$EC AS THE C_EFFIC]E_IS F_ _h ELECTRCN-DENS[TY FC_I_r [_ _HICH

THE L_YC_T IS _STHS AL_EG A (IST S_E)_ 1/2 CF 5CT_S _LC_G B (ZNC SU_),

a_C 2_T_S _LGNG C (]RC S_),

• C3ICC_ $]Ek¢_RTe RCBERI SPECIAL

•• lille 1(]301
-- ...."_ 5OOC

• C_ERFLCI_ CFF
• ENC PRINTER
,.•,• iNSE_T THE E|NA.q'v CECK FC_ -fiSFCRT".
• C/iT A

C_IRCN <J-HE AD
LABEL - " i_--T_Ii--_(_UCTICN _-H|TI_YL eCENINE

ELL 9--I_EaO "/.6"/(] ,_a,24(_ E.47C i£;(],,.CFCRNFX N C.(:O 7,,CC¢ tN[TRE_GEIN L,
(].OS e,781
0,I0 6,203
C.IS _,_2C

FCH_FX
FCR_FX
FCH_FX
F_R_FX
• '''• INSERT
FC_EFX C
FCRNFX C
FCR_FX C
FCR_FX C
FCHEFX C
_•.•e INSERT
FCRWFX H
FCA_F_

I FiLE P_i]TECTEC
SO0 ) _T FILE PROTECTED
5CC ) 5Cr_TC_

••gi,m

T_ELE VCL. 3'2_2,1_61

EITRCGE_ SC_TTEH|NG F_CTGR_.

4 J. BERGHUIS
C 1C OS,Ikl _C _CT_ CRYST. (l_551.
O_15 _,36_ _C VCL. 8t 67_-683,
0.2C C3.61_

RENAI_CER _F C_ECN SCATTERING F_CTCRS.
_.OOOC CI,_CC H¥_RCGEN
0.O473 CC,_Si EEhY
O,Qq41 CC.82S A Ta CRYST, (t_Sl}.

F_R_PX Q..142C CC V_L, _ §L3-_19

•l|l!

•liIi

.308
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la,l

n."
0

_e

SY_TRY

CCNC_T$CAL

_mlqa
E_C
FC
GRIC
ATC_
ATC_
ATC_
ATC_
ATC_
ATG_
ATC_
ATC_
ATC_
aTG_
ATC_
E_C
F_RR
LAYCUT
E_C

X,
_/2z-" Y 112 + Z

_x-A_loI.s,18l.co c.8c l
2C,_135 I I

g-_EJ_g oo oG _2 c_cc_s._c_

9-_E_C l 4
26 C i 26 _ I 26

I l I I

(_EPLECTICN CAHD%).

I 2 1

1 123 26 2

iw_m

@
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EXAMPLE TWO. THIS EXAPPLE IS fiASE_ Cfi TH_ SAMPLE CALC_LATIGN F_R ALPHA

qUARTZ GIVEN BY BUSING, _RTINt ANC LEVY IN T_E UAK WIOGE F_RrRAN O_FLS

PRGGRA_. IHESE OATA LIS1EC |M THIS EXANPLE CAN EE PU_C_EC LNTU CAR_$

TC BE ¢SED AS A TEST CASE FCR THE X-RAY PR_GRA_ SYSTEM. IT SH_UL_ _

ENPHASIZEC THAT THE B_SIhG-PARTIN-LEVY PRCGRAM _SE_ A Li_A_ [NTE_-

P_LATIEN T_ GBTAIN THE SCATIERI_G FACTORS ANC A SERIES EXPAhSIGN [_

CBTaI_ THE C_SINE ANC S]_E ARG_MEMTS. THE X-RAY SYSTEM _SEb A FC_R-

PCIMT INTERPOLATION OF SCATIERING FACTORS ANG A TABLE-LCCK-_P MEI)_C FC_

_BTI|NING THE C_SINE AhG SINE F_NCTICNS. THE RESULTS _F TH_ _YSTEM

CALCUL_IIQN WILL VARY SLIGHILY FROM THE RESULTS _F BUSING-MARTIn-LEVY,

THE INITIAL INTENSITIES ARE RE_CE_, ANC THE TRIAL PARAMETEHS ARE USE_

TC CALCULATE STR_CT_RE FACTCRS F_R ALPHA Q_ARTZ IASS|GNEC T_E MNEMONIC

=ALQTZ=), AN ELECTRCN-CENS|IY MAP IS CALC_LATEC kiTH 2_THS ALOe& _

2STHS ALCNG B, _ND _THS _LCMG C, THE PARANEIERS_ ST_REC _N THE AI_FL_C-

TICN TAPE_ ARE _SEO AS I_FUI TC =CRFLS= FCR FOUR CYCLES CF LEAST-SCCARE5

REFINING. AFTER EACH CYCLE_ PARAMETER CARC5 HILL BE P_NCHED (_Y =OHFLS=.

tltll

IIIII

tliii

Ilttl

tlltl

FOLLCWING ARE THE T_EE SPECIAL POSITION PAICHES AS FORTRA_

RC_TINES. THESE _SI EE ASSEMBLEC A_ I_SERTE_ IN THE CECK

AS BINARY CARCS WflER,E IN.CICATE_. THIS .E_AMPLE _SES THE ,L_ACER=

_£_T_R£ T_ GE_6_I_ ; _W -CG_PG_G arc_.ri{- aTS,©_ T_FE WITH

THE RE{UIREC =QRFLS= PATCHES INC_RPGRAIEC. THIS N_W =SYSTEM=

TAPE CAN THEN BE RETJINEC F_R THIS C_MP_b_ ANC THLN REL_ASE_.

r_

• LABEL
CALPAT EXAMPLE. HYPOTHETICAL FRCBLEM 8ASEC ON ALPHA C_ARTZ.

S_B_C_TINE PATCH(I_SY_ItTJtHJ,HHJtIREJKT,ATCM)

C IFII-EY-PASSN_CIFICATI_NI],2,1 FCR FIRST ATOMI HJ _MJIII+HJ(_)

HdI_)=O.O
HM_HII)=HHJII)'h_J(_))'O.O
HHJ }'HHJISI-_J(_)

1=0.
2 RETUR_

ENC



3.6-4

* LABEL
CALRES i_XAMPLE. HYPCIFETICAL PRCBLEI_ EASEC CN ALPHA C_L_RTZ.

R S TX XVZo t
SUBI_CLITIHExy_( _ ;( ,T_l_ I_A)CI_ENSICN )
X'VZ ¢2,2 ),,XVZ (1,_)
RET_ni_
E_C

• LABE_CALEET XA_PLE. _YPCIFETICAL PRC_LE_
OkC_TihE R_SETE(EETJ.ATCH._J)

SyHE_SI_ BETII6wZ

_ETA(2,2I-BETA(!,2jOETA(602)=-OETA(_, )
RETUR_
E_E

BASE_ Ch 1LPEL CUI_TZ=

Z

m

:_'O

iO

**_e• FCLLCWING IS THE CAR( CECK FCR ALPHA _UARTZ TEST CASE.

e

M

• "•*••*•• RUN SEQUENCE hUMBER *••** 2_600
• C31CC_3 STEWAATw J_MES _.

XEQ
P_X TI_E (C20)
CA_CS BCC ( FC_ hC. ,
C_TP_T 2COC

TAPE (REEL T_PE _ , (Q)
T'PE (REEL T'PE _

CATA

) _ATCH
) SC_TCt_
) SCRATCH
•111•(_

ALPHA {U_RTZ test flEcK (se_ Crnk CRFLs _rtt[-up)

CATRCh _L_TZ
LABEL ALPHA C_ARTZ TEST fleCK (SEE
CELL _L_TZ k.ql3 4._ 1]
FCR_FX C-- .COO IC,CC_
FCHkPX C-- .C5 _.551
FCRMFX C'- .100 B._
FCR_FX C-- .150 1.15_
FCRMFX C'- .200 9,9C_
FCfl_F_ _-- .250 4,E51

F_RFFX C-- .3_0 _;3_4
FCn_FX C-" ._00 2,g1_
FCR,FX C-- .450 2.56E

FCR,FX C-. .5_ _,28
. oo

FCRPFX C-- .700 1,714
FCRPFX C-- .coo 1;574
FCR_FX C-- .g_O 1,_6_
FCR_FX C-- 1._0 Io381
FCR_FX C-- 1.10 1.2g_
FCR_FX C-- 1.20 1.22C

flRNL ORFL$ WRITE-UP)
-O.SCO :_C.C

CXYGEN (-II) FOR ALPHA _LARTZ T_ST C_SE
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_e

0

_e
Z

2e
rr

©

C,

2°e
F9

18

_70
16

i3

12

i©

FGR_Fx 5| oGGO

!tFCR_FX ,I00
F_R_FX I .150

F_R_FX _1 .2C0
FGR_FX | _§0FCR_FX $I _ O0
FC_FX 5| .]SO
FCR_FX SI ., 0
FCR_FX SI .6_0
FCR_FX SI

F_R'FX _I !6CCFGR_FX 700
FCR_FX S 800

F_R_FX _! ._00FCH_FX 1.00
FGRMFX $ I _
FC._x S= 1;i_

¥ XtYtZ

Y_'RYX'Y.'Y.iZ i
YH1RY Y-_e-Xt !3_

SY_IR¥ -_tY-Xt /3"

YMTRY -¥tX-Ytg/34
CC_CIT _L_TZ C. 7

_L_TZ l

ENC

_LiTZ
_L IZ
,_L TZ
_L T

AL
_L

_L( Z

mL_ ! £

_L

IL_; TZ

_L_
IL(TZ
_L_TZ
_L( IZ

tL(_Z

AL( Z

AL_;_Z_L( Z
AL¢IZ
AL(_TZ

IC.CC_

cJ.TcJ_

9. CC
e._,_C

.31C
6,78C

o26C

q,_2¢
3,11C
3,13C
_,68(;

2,06C

0 C
I I C

3 J 13 1

3 J -1
2 C 2
6 ! 2

3 C -_

5 C -_
k ,2 -_

1 1 -7
3 C
2 1 -8
2 0 ,c_

SIL ICC]N +6

C.l 1 2
234.6

56._
1._
6.'/

1(_9.8
1_5.6

18.7
II._
38.G

7_.1
212o0

12.5
231.3

_2.(]
leC.2

33.3
162.5

8.2
85._

110.5
10.6

134.g
37.2
IC,8

TES]

2 I 1

C_SE FC_R ALPHA qL_AHTZ



0

FC
GAIC
ATC_
ATC_
ENC
FC_RR
LAYCUT
E_C
LCaCER
LIhK
nlltl

iiitl

tilll

gllqt

tltll

Iltll

Iltli

RFL
ITC_
ATC_

A 2 2

JLQTZ 26 0 | _6 0 | IG G | 231 26 2

CRTEST
]6eC
[_$ERT 8[E_RV CECE =CHFLS =
INSERT BINARY CECK FCR eSSE_BLEC _RFL$ PATCE -ALEET=
INSERT B|NAR¥ CECK FCR ASSEMELEC CRFL$ PATCH -ALPATm
INSERT BINARY CEC_ FCR _$SE_ELEC GRFL$ PAIC_ "_L_ES =
INSERT BINARY CECKS FCH ALL REQUIRED _FL$ S_B_UT[NLSt
ESTUEt ERASEr EXF_, CRCAL, CRFUNo _R|N, CH_UIe C_PkE,

12 II
_L_ 4 2 I I I I I

co  cc
Y Z 1_22 e23

AT_LJI_ !
CRPT,
T[_E.

LL;

0
0

_5

i?

iO



-e

e

:i!•

'.L

,J)

r_

G

EXAMPLE THREE. THIS EXAFPLE IS EASED 0_ THE ST_CTURE _F G_A_IDINt_M

ALUMINUM $_LFATE HEXAHYCRATE (_NE_C_tC -GUANAL-). THE _PAC_-G_GUP

REQUIRES PATCHING CF T_E _-_JV SYSTEM VERSICN _F T_E BUSING-MA_TIN-LEVY

-CRFLS- F_LL-MATRIX LEJ_T-S_AHES PH_G_AM. IN IHIS EXAMPLE, CUCIN_ UF

THE PATCHES WAS CCNE UT|LIZING THE -[FFW- ENTRY CF THE -CALLE_C= SUB-

R_TINE _F THE _TILITY PACKAGE, WHCSE CALLING SE_ENCE IS-

CALL IFFW (WCflC_ K, _HGI_ ARG2t ... , AHGN)

-IFFW" SETS K TC I, 2, .,., N IF =_CRC- EXACTLY MAICHES AKGI, ARG2, ..._

ARGNe RESPECTIVELY, CR I_ fl_1 IF IT MATCHES N_NE.

THiS EXAMPLE UPC_TES 1HE X-RAY SYSTEM PRCGRA_ TAPE kITH IH[ PATCHES

RE_IRE_ BY -G_ANAL= FCR =_EFLS=. THE CATA IS REC_CEO _SING AN CLC

BInaRY REFLEC-TICN T_PE_t_lhP_l TC GET F-RELAIIWE, M, K_ A_ L. fM{

-MCCIFY_ PRCGRAM IS THEN CALLEC TC CCPY FC T_ F-R_L, SC tHAI THE FCURIER

WILL 8E_ I_ EFFECT, AN FC FC_RIER IN _RCER TC CPECK THE -_RFLS- PATCHES

FCR PRCPER SYMMETRY. FINALLY_ CNE CYCLE OF FULL-_ATRIX LEA_T-SCUARE$

REFINEMENI IS CCNE kITE =_RFLS-. SPACE GRC_P = P ] I M,

(_CTE - THIS IS A TEST C_SE CF -G_Ah_L- WHICH H_ BEEN LABELED =F_NAL2-)

m_ F_LLCWING ARE THE SPECIAL PCSiTICN PATCHES _$ F_RIRAN SUBRO_TIN|!.

_e_ THE BI_ARY CARCS FRCM THE ASSEMBLEC PATCHES ARE |NS_RIEE IN THE

• _e_ -CRFLS= BINARY CARC CECK AS CESCRIEE_ _h_ER EXAMPLE TwO, P _.6-3

•CGUAN _
C

RESET X_Vi _MC Z

S_BRC_TINE RESETX IXY_, aTCM, N_)

F_R GUANAL THERE IS KC _EEC TC RESET X, Y, A_ Z AS L_NG AS NC
REF|_EMENT IS :ATIElCPTEC C_ PeRA_ETERS SEt IC Z_RC_ 1/3, Ce 2t3 AT
START,
RETURN
E_

t%



0 3.6-8
91_J

t LABEL
CGUAI_PA CRFLS PATCH FOR GI_ANLCINIIjI_ AL S1JLFATE

C
C
C

C

C
C
1

l"

2
C
C
3
33
34

C
C
C
C
C
C
C
C
C
C
C
C

CS_BRCI_TINE PATCH(IkSY_ I 15 HJ HHJ IRE.JKT AICi_)

kiHEN IREJKT IS SET E{i_AL TO OI_E THE GEN_F_AIEC ATCI_ _ILL _E
ACCEPTEC
IJ_EJKT,,L

CALL |FFNIATG_._ATI,.6_AL_++I _HCI 6HAL÷+÷2 2HC2 2HSL.-_H_?.ZHOI.12HC2,2HOS,2H(]_, I_I_1,2_OE,2HI_ _ ' ' '

GC TO (L.Io2,2,B,J.S,3,S,S,S,S,S,_C),KATM

IF ATOM II_ ONEFOLC POSITION CALCIJLATE CNL_ FIRST TIME
IF(II_SYM-I ) 4C,4C,]Y

|F ATOM IN Ti_C-FCLO PGSITION CALCULATE (_NLY FIRS1 T_O TINES
IF IINSYN-2) 4iO,_iCtSt

IF .._,_mTru ,,,t_' .-._,.,,_-¢_'_ _,_°r_CVT|rA'_,, CA 'r_,L_' ,_c _,,,._+ _,,"+' •_c?_,o "_",'1_ ,,,,,n_,_

_1_ (I_SYM- II 33_40e 3

TI_E- AOCVE OEPENOS t_FCh II_E SV_OPS BEING $1CREO AT CATA _EC_CTI(J_
TI_E IN TI_E ORCEA
XoYeZe

X-Y,-¥,Z
¥-X,-X,Z

i

-¥.X'_.Z t

_,XoZ

SKIP THIS GENERATE_ ATCN
[REJKT=2
RETUR_
E_O

C
SLJBR(]t_TII_E RESETE (BEIA. ATC_, NA)

C

C
C
C

C

C

C
1

C
C
C
C
C

2
40

8ETA(4,I) = BETA(2,1)I2.C
CCNTIhUE
RETURE



t

Z

/;

C

i!O

i9

_7O

E_O
13

12

_iO
I©

eet_i FCLLCWING IS THE CARC CECK FCR -GuANAL-. ammit

la_lt_mwo R_N SEQUENCE h_MBER itet_ 26E10 omteeltl,laamee_taltollllql
tC]|QQ_3 SIEWARTtE_SC_ SPEC|AL
t XEQ

_AX TI_E IX20)
• C_TP_T I_QCC
t T_PE (REEL H3I T_PE B_ o (l_) ) FILE FH_T_CTE_

T_PE (REEL 05g3T_PE B| t (E) ) _T FILE PRCTECT_C
T_PE (REEL 65 T_FE B_ _ (l_) ) FIL_ P_T_CT_
TAPE (REEL T_PE _t ( _1 ) SC_ATC_ "-
TAPE (REEL T_PE _ o Ill) ) SCraTCH

ee_tt INSERT BtflARY CI_ FCH -BSFCRT-, _t_
• CATA

LC CER G_T EST g
LlhK 36C0

• _e_ INS RT BINARY F _ _SSEMELEC aRFL$ P_TC_ -G_AN_E:

te,,e INSERT BINARY _ K FR_ ,SSEMBLEC CRFLS__ P_TCH :G_PA-• ''_ INSERT BINARY FCR _SSEME_E_ _R L P_TC_ -G_A_HE-
e_ INS RT BINARY S F_R ALL RE_IRE _FL_ S_BRC_TINESo AT_o

eSTUW ERASE, EXPUW, _C_L, C_F_N, _RIN, _UT _RP_e, _RPr,
CRSBT_ _RSMIo _RTES, CRWT_ SLI_Wt SL_W_ CHTRIG_ S_R_W, TIME.

II_II@

le11_l

FES
OATRCI_

11 12
FCN AL2

L_eEL PERFECT RATA F_R FCNAL2 _SING _EW X-RAY 63
C.L_ FeNALa SS.7, SI.TS e._
_R,FX S O.CO0_ |6.COO SbLF_RR_FX S O.07g l_.2_C E. VIERVCLL ANC _. GCRIM

FCREFX S 0.15_2C _ _. _C ACT_ CRYST. (194_1,
FCR_FX S 0.]7C38 . CC VCL. 2t _77-27_.FCR_FX S O. 183_ CE.5CC
• _m INSERT RENAI_CER CF SULFUR SCATTERING FACTORS, _ee_

FC#_FX ALee_ 0.0 Cg d BERGH_IS
FCREFX _L,_t 0.1_ C_._ _C ACT_ CRYST. (l_),
FCR_FX _L_ 0.1_ C9,38 CC V_L. 8, 678-_B].
F_RMFX AL*e_ Co2C CE,g_
•t_ INSERT REMAINDER CF _L_INUMIIII) SCATTERING FACTCRS,
FCR_FX C O.OC CE.CCC CXYGEN
FCRMFX C 0.0_ .CT.7ge d, BERGHUIS

FCR_FX C 0.2_ _34 Cea_ INSERT REMAIMCER CXYGEN SCATTERING FA TORS.
FCR_FX N O,QC C].CCC hITRCGEN
FCR_FX N 0.05 C_,Te| J, BE_G_IS
FCRMFX N O.IC C6,2 _ CC ACT_ CRYST, (1_95),
FCR_FX N Ool_ C5,42C V_L. Ee 478-483.
FCR_FX N 0,2C C_,ECC
tz,_e INSERT RE_AI_CER CF hITRCGEM SCATTERING FACTCRS,
FCR_FX C O,OC _6,_ C_RBCN

FCR,Fx C 0.05 _.764 _ BEHG,_IS
FCR_FX 0.1_ 0_,36 CC VCL. Be 67E-_83.C o. c
_m_ INSERT REMAINCER CF CARECN SCATTERING FACTORS, _e**_

7t8t_3

I|til1

IIIII

9



3 •6" IrC '_.-

1.(_ 1 3 1 2 _ 3
IH IK IL FR IB IC 11

2

!_ C.CCCC CI,CCC i_CRCGEe_
H 0.047] CC._S_ f_. J_CkEENY
H 0.09k7 (_C,E2_I CC _CT_ CRYST. (t_Sl|,
H 0 142C CC._6_ CC_ VCL. q, 513-_LC_.
I_ 0:1893 (]C.51_
INSEAT REI_aII_CER CF _YC_CGEI_ SCATTERII_G FAC.TC]RS.

F
X_¥,Z
Y,X,Z

-X_'X_Z
.YtX-

1 842

tt 8 -
FCN_L2
FCN_L2 IO 10 9
• GU_NAL, USING F|_L CCCRDIN_TE$ (CYCLE _3 C OUT
AN|SCTR_PIC TE_F F_CI_.HSI). IHIS C_LC USEC
E=2.CoL_TER CALC _[_L USE AhISCTR_PIC _E_P
FChAL2 USING NEk _-R_Y 63
FCN_L2 2,0 *
51 +,34733 +.CCCCG *,75e61
52 +.68162 +._CCC_ *,3153

++i + OOOOO
_I +.456_4 ÷
C2 +.557_8 *
C3 +.37241
C4 +.703_ +

C6 +o 186 •
C7 70t0 ++3473
Cq +,531_G
CIC *.534_3

_I * I17_ _

+.33333
_i +.9167
H2 +.5833
_3 +.7417
H4 +.8750
H5 +.9_17
H6 +.72C0

H9 +.88]_

8 II
F_L2 3

CCCCO +.CCGC_
_ec7 +.C5733
CCC_ +,837_4
COCO *.2_35_

CC_C_ +.476CC

11512 +,2411_
C_CG +,863_0

CCCC +,!17_+ 26_] +,_4361
*.I_616 *.177CC
+.CC_CG * 5C5

* 66_7 +_55C_4

C.C C.l C.G t.0

4 I
I II C I I0 0

FCNaL2 1
F_N_L2 II C

II ! tl lit +_

IS_T_CPIC [E_P F_CTG_
FACTORS

231

/
/
]



_e

e

:Z•

_e

17 e " " :

1 •

I0

"J • - •

L_

TAPES
CRFL$ FCNAL2
ATC_ _2
ATC_ G'5
ATCP C6
ATCE _9
aT£k CIC
ATCM Sl
aTC_ S2
ATCF _1

--ATC_ C1
kTCM _2
ATC_ C3
AIC_ C4
ATCM G7

II 8
I I I I I 2

.8o6o o

• 3510C0 ._¢0CC0 .e_CCC_ 1,5
.6820C0 .CCCCCC ,3_6CC0 1.5
.ll30CO .CCCCC_ ._CGC_ 1.5
.455CC0 .CCCCCC ._CCC 1,5

._e_oco ._cccco ._zoco _._
_o_o ._¢_cc ._ccc _._

ATCM
_TCM
ATC_
ATCM

B
NCREF SI V
NCREF $2 V
N_REF _I V
_CREF CI V
NCREF C2 Y
NCREF C3 Y
NCREF _4 Y
NCREF C7 Y
NC_EF C8 Y
NCREF _k+_2 X
NC_EF C2 X
_CREF CI X
NCREF eL_e_l X
NCSC_LE
E_C

CB .140000 ,CCOC_O .13COCO 1.5

at*_*2 .339_C0 ,_7CC GSgCCO _.5c2 .33_3co ._eetcc 2_2_cc ,.5
C1 .CCOOCO ,CCCOC_ ,SCCCCC 1.5
AL+++I .CO00_O .CCCCCO .CCCOCO 1,5

1.5

Y
Y
Y
Y Z

.,',-:-:,;-.:L-_ ,-.-..

v



3 2

!

EXAMPLE FCUR. TH|S EXA_FLE 1$ EASEC ON THE ST_CTURE OF A _ST[TUTEO

TR|S-PHCSPH|fiE CCMPLEX CF PALLAC|U_(|I) ERCNI_E (_fiEN_fiIC =HE_Bg_= F_R

-RE• ERCNICE=), THE OATJ |S REC_CEC ANC STR_CT_RE FACT_flS CALCULATEO CN

A TRIAL STR_CTURE. A FCLR|ER IS CALCULATEE CN A GR[O _F 12 X 12 x 12 TL

CflECfi THE SYNEETRY AND T_ CYCLES OF -CRFLS= LEJST-S_UARES A_E _h.

TEE SPACE-GR_P IS P 21 21 21.

1

26810 eeeeeeeeeeeemeetetwweettee,

,70

C_RC BOO FCR_ _0. , )
• _TPUT IO00C
• T_PE ("EEL HI' T'P_ _ . !1C! ) FILE F_C'ECTEC

T_FE (REEL T_F E6e ) SC_ATC_
• FE|NTER
• C_ERFLC_ CFF
• ..,, I_SERT E|_aR_ OECK FCR =eSFC,T=. ,'''"

T_

T_PE_ II 12

_EEL RECSRN LS TEST EE'VY _TCES 7 AUGUST 1_fi3
LL flECERM 11.7C I_o2E 20.63 eC.O _._ +_._
R_FX PO C.OC 46.C0

FCR,FX P_ 0.05 45,07
FC,,FX FO O,IC _2.67

FCR_FX P_ 0,20 36_10
e_eee I_SERT REMAINING F_LLA_|U_ SCATTERING FACTCRS. "_***

ee_e_ INSERT RE_a_IN
FCR_FX P O.OC I_,CO

FCR_FX P 0,|_ 11,_6

• F_F_ _ _._ lO/]_

.................................... e, ......

_FOflMP_"_---_-_::_:_---------:"_ i_1_C * C 1 ,COC H¥CRC_Efl " i_ = _

FCR_FX H 0.0961 CC°E2_ CC ACT_ CRYST. ([qS1).
FCR_FX H 0 62C CC.66A CC VCL. _t 51_-519.

g,I mw

IAI_ING EYC_CGE_ SCaTTERInG FAETERS. _telee_tt INSERT REI_

O

]



I

@

_e

_e

_¥_TR¥ -X+l/2t
SV_TRV X_1/2,
SYMTR_
CC_01T
SCALE

Z

-X, V+I/2_ -Z+lt2

_EaeR_ t o_ oG C_t._

67

_c_ _ x_ _ _ cc_._
._c_R__ _ _ c_ c_._
_E_e__ _ _ cc cc_.?_

EN_
FC E_ER_
GRI_ RE_ e_ 12 X2

AT_ P 6 -.I_ _.1_1 _._q_ _,5

F_RR _ECUR_ I _ I IC.O _.I
LAYOUT RECa_ 13 0 1 13 _ X 13 _ 1 312 2
EN_
TAPES 12 11
_RFLS RE_BRM _ _ I | 2

@
......

L (>e

19

18

"e

;L

©

...... i

• t



3,8-I

......................................... IPPEI_CIX _III .....................

SYSTE_ CC_Ch ALLOCATION FOil =x-HAY 6_1-

NTAP _C_ I
NTAP _C_ [

NTAP_! CC,,CN INTAP CGM_CN 1

_TAP CO_CN t
TAPE_ _ kCN lNTAPEI 1_CN

• S_STE_CC_¢_-*LLCCAtXC_ _O, -X-rAY 6_-
CARO CC_Nr12 OCC CARC RECOHO (FCRTRA_ ARRAY) FILLEC

eY [FFC
BC8 INPUT TAPE (FHC_ CARC REACER)
BC_ _'JTPadT T_PE (IC PR!_TER)
BINARY CATA TAPE (REFLECTIONS)
BIN _RY Cat, TAPE (STR_CT_ F_CTOrS)
BOO CA_O C_TPUT ITC PUNCH)
SPECIAL OCC _uTP_T (CPTIC_AL_¥ T_ Pr[nTl
SPECIAL uTILITY CuTPUT T_PE

NTAPEJ CCN_CN 1
NTPflCG CCt_I_CN I

htlN_ CCI_t4CN 1NTCUT_ CCI_CN
NTd_u COI_IqCN I
NTELJ CGI_CN I
NTCtJ CCI_I_CN 1
NTCU CCIq_EN l
NTEIJ CO._I_CN l
NTFI_ COI_I, CIq
I_TGu C_I4PCN I
NTHtl CCIq_CN I
NTII_ CC#41_EN 1
_TJU CCI_CN I
ICu CC_kCI_ _9
_UIT CCt_I_CN l

_E_
R'e_

PrFLG CCI_I_cn 1
LInKNC COIql, CN I

IOPRCG CCtqi_Clq 1iT I TLE C_iqt_CIq
I C C C _ p C_ .... _ ....

NPAGE _I_I_QN: t
C-CI, luC_ I

LINCT _ iLlhl_X

SPECIAL UTILITY I_PUT t_PE
UNCESIGNATEO I_P_T-C_TP_T ..........

UNC_SIGNATEG INP_T-_UTP_TUNC SIGNATEC INP_T-C_TPuT
_ESIGNATEC L_P_T-_UTP_T
P_CGRA_ TAPE N_H
_CNITGR INPUT TAPE (_S_L NTis)
_CNITCR OUTPUT t_PE (_S_AL _TOUT)
USUal _ALUE _F hlApEA
ETC ---

IE UNIT TABLE
sys tE_ ExIt .OuIIn_
(ICu anO cult sv_rE tnCSE FIFTy CELLS'

stArtln_ At CP_Csxt_ en_s _n_ nor
_eEtln_ xN t_e _[c_Le (=_ _Pe).I

FLAG To CAUSE Printer stop At _ult tl_E
L[hK nu_eer (LAEEL) OF PROGRAM IN CCRE

PrCGR_ tO FC_ LISTING Purposes
PAgE t_tU ...........................................

PAGE _U_gE_
Ll_ES LEFT C_ P_GE
_AXI_U_ LI_E5 PE PA

_ARg_E.(EEStOE5 _CAC_G)NU.BER OF I_PUT REAC SINCE .C,

,70

_O

'r_!

0

$¥STEI_ CCI_t4CN ALLCCATICh FCR =X-RAY 63=
CII_ENSICN CARCII2)o SF_!SEISE), TITLE(Ill
CCI41_CN CAROt TINt fiTCt_T_ TAPEA_NTAPEBeNT_PEC,NTAPEO_I_IAPEE,

1 NTJPEF_NTA_ NEG _INT_PE r _fiTaPE I tI_TAPEJ oN TPHCG _N T INI_ NTC_TI_NT_U t

_I|[_'_._c_t°u''_t_u''_'F_''_Tc_''_t_u'Nt'u'N''J_'s'_s_'i°':''_'P tfiF_GE ,L IfiCT,L IhNXoNCRCS



APPEkCIX IX

EXFLAhATICN CF APPENCIX Ix

1HE X-RAY SYSTEN IS CESIGhE_ TC _E RUN I_ C_J_NCTICN _ITHt CR I_CE-

PENCENTLY CFo _THER N_I!C_5 _!TH _S FE_ C_A_GES _S POSSIBLE. THE St_-

RCUIINE -S_SCCN- (FCR FCRTRth _R IESYS _CNITCRS) CR -S_SEEL- (F_M _ELL

NCNITC_) INITIALIZES T_E TJFE ASSIGNNENT $TC_A_E_ LINE CC_N[i_Gt ANC

CTHE_ fiECESSARY X-RAY F_hCT|_NS, IT ASS_HES A CLE_REC-rC-ZERC CC_E

CC_CITI_N FGR THE S]GRA_E CF V_LUES SET _ITH|N |ISELF. TH_St IF AN

GPERA_CR CLEARS-ANC'LC_$ TFE CALLING CARC kith ]HE APPRCP_LATE 5[AHI

CA_C ('IBSCARC" EITH _S¥SC_" CA _IE_BEL _ _ITH =$YS_EL_) AN_ _IIH ThL

X-RAY SYSTE_ TAPE NCUNTE_ Ch _|T BSt EXECU;|_N _LLL CC_FE_CE AN_

"SYSCCN" GR "SYSBEL* _ILL GIVE INITIALIZATION FCR /HE TAPE-_NIT CESIG-

flATICN _S GIYEfi IN SECIICN l.C'e.

EHEE IT IS [3ESIREO TC RUI_ TEE X-RAY SYSTEIq AS A S_JB-S'/STEN GF 5Gt_E

CTHER NCNITI3RI A PRCGRdI_ N_V lie PREPAREI3 kIFICH STAHTS E_CH I:X_Ct_TIC_

UfiCER THAT I_I_I_[TCR THEE TR_hSFERS CCNTRCL TC THE X-RAY SYSTEN. _Fg_t_

THIS EXECIJTII_N IS FINIShEI_ |fie X-RAY SYSTEN NUS1 TI_EN PHC]PEt_LY RESTCRE

THE CALLING NGNIT[_R TC CCi_Ti4GL FC3F; _CCGtJNTIhG_ EIC. STI,_YING II_E

LISTINGS (3F ,,BSFI3RT- I_EICE IS CESIGNEO F(_R EXECt_T|_N U_iOE_ _HE F_RTRAI_

IIll NI31_ITC#Io -BSBELL,' lF(3t_ THE BELL LABCflATI_¥ NCNITC]A)_ A_D *,BSI_SY-

(FOR TEE :BI_ SYSTEI_ NCI_ITI_R) IS THE BEST i_A¥ T_ SEE ALL THE CETAILS _F

THE e__:_::_i_|v'ei_, TI_e FCLLCklNG St_e41_liY l,a¥ ee _aoe-

,70

)

I2) HIGH CGRE N_ST BE ZEfiCEC (IF NCT ALREADY CCNE BY THE CALL|NG

_CNITCfl).



e

¢3) A PROPER EXIT RCUTI_E {I.E,- GNE THAT _ILL RESTCRE THE CALLING

NCN|T_R) FUST EE PCVEC T_ _IGE CORE AT =_UIT-.

(kl ALL TAPE SPEC|FICATICRS (L_G|CAL TAPE _N_ErS) AND PAG|_AIXCN

CCNSTANTS EN|CE -SYSCCN- CR -SYSEEL= bGUL_ INITIALIZE TO

VALUES N_T SUI1AELE TG TEE CALLING M_hI¥_R _UST BE STGHEO.

(51 THE X-RAY LCAOEE _T EE _OVEC T_ _PPEE E_N_RY Arid [XEC_TEO.

AT THE EhO _F EXECU1|C_ |EE X-raY SYSTEN TRANSFERS _RCON_[TIQN,_LLV TC

-QUITmt TE_SRESTOR|NG TEE CALLING _IT_R XR T_E _AR_ER SP_CIFIE_.

7

C_

,.3

;ie



3.q-Bl
• 9/_3

S_Et_LIC LISTIhG C]F =IESCAR_=

i LABEL
• RC_
• FAP
eIB_CARC - _N-LINE STAHT CJHC FCR X-RAY 5YSIEM C_ 05))

CGU_T 30
TTL _EHSICN CF 2 de_ 63

- T_IS CARC WiLL INITIATE T_E XEAY SYSTEH CN BS, PUT CARD IN ON-LI_E
• CARC REA_ER PUT FRCGAAM I_FE CN E5 CLEaRt LCAL Ca_CS.
• PRGVI_ I_E I_ _JDE FCR EECEF 151NG _T|N_ ANO NTC_TM AT ST_FF,2 AND

• $TI_FF_ flESPECTIVEL_t,

P
il

Z CT 3  STUe -.3• LC_a c
IC_A •

ST AXT 91_• T_A
Ir_ RC

r_ rEaP

• rte_
ICl_P

_ R TBF
r_' R C H P [

-• TC_P •
TRCF NG

_L l R_ 2
NG TIX RC,4_1

:• _tR st
IC ICrT O,,4

ICCC N 3

STtJFF I_TR QIJIT PRCGR_t_ EXIT
PZE ,, NTGUT_4

I0



0

0

J

f_

0

Z

0

0

• LABEL
* RC_
m FaP
zlBSBEL - Cfi-LlfE SlART CA_C FCR X-RAY SYSTEH Gf B_ _NCER

CCUfiT 3a
TTL _ERS[CN CF 6 J_fiE 1_63

• T_IS CA_C kILL INITIATe ThE _hY SY_TE_ CN _5, pl_T CA_O
• CJRC REACERt P_T PRCGRA_ 1aPE CN 85p CLEA_t LCAC CA_05.
. ST_F,Z_ _eS_CT_L_.

$_tRc_snca s_©c _ER$tC_ CF [C T_BLE$$$

T_PEhC E_iP
t

ST

rO

fig

IC

LCS

BELL F_CNIIe_

STt_FF

| CCT _:_ ST IJFF- ,tLCHA
TCC_ *

_XT s_TRA 1_
T_ RC

RTSP
rCl-tP IC
TCC P
_Tr:LP ............
RCI_P
TC(] P
TRC P
TRA
TIX
HT_
ICET

ICCP
ICCC

HT_
PZE
P

I

NTPRCCI BCCL
(:tJlT 8CCL

i

I
t
fig
2

C_t4

_TPRCG-_

_UIT P_GR_ EXIT
tt NTC_T_

T7431

2:0 0 :__ - .....

18 :-:::,: ,
, ,t.
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i;0

_70

I'_" •

!3

S¥_e_LIC LISTING GF =5¥$CU_-

J LABEL
• FAP
eSYSCGN - S_BRQUTINE TC INIIIALIZE SYSTEN CCMM_h

CO_NT 1GO
ITL _ERSICN CF hCW 6_
ENTRY SYSCCN

g

• FCR JNY UfiOEPINEO SY$TE_ 1AFEt ETC,t USE THE _SUAL VALUE

AXT I_,_C A fiT

NT "cc:l,
TIX t-3.4tl
CLA NLINU
NZT LIN_X
STC LIN_X

IF THIS IS THE FirSt TZ_ SySteM _AS
BEEN CALLEC. CCMPLETE [NITIALIZATi_

SET WGRKING TAPES

ET NTINRA II
AXT

TIX • 24

TIX e-le4tl
STZ NPAGE
STZ _CR_S

RESET PAGE HEA_IfiG

I

_I'wLESS _fiE IS ALREADY $1JPPLIEC, P_T I_CNITfiR EXIT RC_UTII_E _NIO QUIT

II _ET QUIT

AXT
C

"-2t4.1
I

• E]ITTC FEIR ICU TABLE
I2 ZET [(]U

TRA
LAC I_IC_I_),_

CLA_I,,,$ _4 "
{IRA "l_2G
STQ l_U

;iQ
STt_ I(]U ,Z

TXL "'6._ t •

GET _BER CFF E_T_I-ES ......
MCVE TO _ECRE_ENT
P_T CN BINARY-T_PE CESIGNATUR
SAVE LARGEST L_GAL L_GICAL UNIT

F_R C_NFABISQ:N IN I_SW

iNV_RT_

TXL
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_O

_O

_O

_0

C;

_O

,70

,40

_O

II

• TC Ti_E F_RTRAt_ MCt_IT(_R
QR AXT _XLe6 MOVE I_(]NEX RGUIIINE BACK WHERE |1

CLA (_UIT'PQL.4 CaME FRDI_ SC] I-TC]-CS WILL NC]T
ST_ _R÷QL 6 TRAMPLE AlL OVER IT C_N THE WAY 1_.
TIX QUIT't[,_,I
TRA kCNEX BYE eYE

= THE FOLLOWING STEPS PERFC]H_ T_E NCi_NAL FCRTRAI_-I_ONITCIR E:Xi! FUI_CTIL_,
MC_EX AX'_ 5.1 II_ITIALIZE TRIAL COUNT

] APE

MxE_

R
1

RCHI_ LUICS
LCH_ t3
RTBA l
RTBJ 1
TCt_A *
TRCA _XER
TRA" 2
TIX IWI_NEX* L, l _,l

7HPRTRA
_CCt 3cu _'IC_EXLCICS

_L

. S_STE_ CCkt4_I_I_LLCCAT2 leftCARi_ Cl_l_tiCN "
AEl4 L '

NT IN --C_I_I_CN t ............
NTC_T CC;_CN X
I_TAPE_ C Clq,I_C*_ I
NTAPEB C C_I'LI_I_H I
_!_.E_;_"_ _,_!!

NTAPEG C C]I_CN
NTAFEH CCM_CI_ l
hTAPEl CCt_C,N L
_TAPEJ CCMt_CN 1

R_t_C THE YSTEM
LCAC l-T_-C_

SKIP C_WN TC SIG_-C_ _ECCRU

EXIT TO NC_ITGR
RECUNCANCY CHECK. TRY AGAIM. GR ...
GIVE UP

AND MAYBE TRY LATEX

_O .....

BCC CARC RECORD (FORTRAN ARRAY} FILLED
BY IFFC

BCC INPUT TAPE (FRe_ CA_C R_A_E_) "
ece eUTPUT TA_ |TC VRSNTe_)
BINARY CATA TAPE (REFLECTIONS)
PIN,BY UATA TAPE (STRUCTURE FACT_$)
8CC__AR_ C_I_U!.iiQ PUNCH) " .

'SP' ' T|L' TY' UTP T ......................

UNCESLGNATEC INPCI-OUTP_T
U_CESIGNATE_ INP_T-CUTP_T
U_CESIGNATE_ IhBUI-CUTPUT

m
in II I I I t -
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,i

NTPR_G COHM_N INTINM C_M_GN
NTG_TM CCH_CN 1
NTA_ CE_CN !
NTBU CGHM_N !
NTCU C_M_CN !
NTC_ CG_C_ !
NTEU CCM_EN !
NTFU CO_M_N !
NTGU C_M_EN 1

NT_ CGM_ N INTI_ C_ 1
NTJU CGMMCN 1

_IT C_M_CN L
_EN

PRFLG CE_PCN 1
LIh-KNC CCI1W_CN 1

I_P_G C_LtwCI_
TITLE C_M,CN 11
IOC_,P CEM.EN

_PA_ C_MMEN I
INC CGM_EN 1

LINMX CCMPCN I
NCRDS C_CN I

ENC

PROGRAM T_PE NUMBER
MCNITGR INPUT TAPE IUSUAL NIl_I
MCNIT_R _UTPUT TAPE (USUAL hTOUT)
USUAL VALUE GF _TAPEA
ETC

I_ _NIT TAEL_GuTLN ESYSTEM EXIT
lieu AN_ QUIT SEARE TH_SE FIFTY CELLS,
STARTING AT GPPCSITE E_S _NO _I

PROGRAM ID F_R LISTING P_RP_SLS
PAGE TITL_
C_MP_UN_ I_
P_ _UXBER
LI_ES LEFT GN P_GE

MAXIMUM LINES PER PAGE IBESIOES EEaCING)
NUNBER OF INPUT CAR_$ REAO _I_;CE -_CI'A

e

+oe
Ig

,711
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Ig

+70

'O

S¥_ECL|C LISTING GF =S¥$BELm

i LABEL
• FAP

ENTA¥ S_SC_
SVSCC_ SXA X4t4

SX_ X2,2
t

• FCR ANY U_CEF[_EO SYSTE_ IAFEt ETC.o USE TEE _S_AL VALU_
AXT !_o_
CL] NTt4
fiZT _-TPRCG, X,4
STC _TPRCG+II_

CL_ _tln_
NZT LINMX
STC LINMX

I

ZET NTIN
TR_ Ii
AXT 12 4

STG NTIN_I|TIX u-2,_,
AXT I_,_ R_SET PAGE _E_CIhG
C _ -H

S_ TITLE÷I_4
T X _-1 4,1

STZ fiCRC_

* _NLESS CfiE IS ALREAOV S_PFLIECt P_T NCNIT_E E_II ROUTINE INTO _IT

AXT _L,4

S_C L 4
TIX "-2t4tl

@

CITTC FCE I_ TABLE
12 ZET ICU

T_a X2

_L$

TXL

IF THIS IS THE FIRST TI_E SYSE_M HAS
_EEN C_LLEC_ CC_PL_TE [NIIIALIZATICN

SET WCRKING TAPES

GET NIJMOER CF EI_TRIE_S
HCVE T(_ rdEC_E_I:NT
PbT {_N BIN_IRY-TAPE OESIGNAIC_R

c,+,.,..,sew

ii_i_:i:( i'i_i" MCVE T/!PE l,lei_.E T(_ CeMMCN
._T{j ICU_2 ....... _ INVERTEC URCEIT ....
_+XI "*l_t-I
TXI "+I t 2 o l
TXL ,-4o2,t.,

Y+O ....



F--O

'Oi
!

_O
i.

_O

I

XZ AXT .t,2
X_, dXI i. 4

TR¢ 1.'_

" TABLE GF $TANCIARO TaPE dSSIGI_I"E_T$
..0 LJSLJAL NTJU
,,0 I
,,0 t.,i
,,0 G
,.0 F
.,C E
..3 0
,,t4 C
t.16 B
..6 A

_v3 _iC_UT_.,TINM

NT dES _15 NTFRGG

NLI_IU PZE .t52 USUAL NCL _AXIM_/_ LINES/PAGE
RE_ (EXCLUSIVE ur I_EADING)

• THE FCLL_WING R_UTINE |$ tQ BE EXECUTEO AT _UIT TC XEIURN CONTROL

QR JXT _XL,_ Mere _eNEX ReUT

S__,_ CUIT'_L,_ CANE FRON SQIh_C BACK WHERE ITOR,eL wIc net
TIX _UIT_[.4.I iT _N THE _a¥ iN.
TrA _CN_X eYE OrE

• T_E F_WING STEPS FERF_ T_E _CR_AL F_RTR_h-M_NIT_R _XlT F_NCTI_N.MCNEX _,1 INITIALIZE TRIAL CCitT

MXER

LC1CS
NXL

!1

RTBd ]
R_E_ L_LCS
LCHA
_TBA I
RTE_ i
TC_
TRCA MXER
TRA. 2
TIX N_NEX+Iol.I

ICCT _,,3
E_ '-_CNEX
EQU "-_R

,7,
C

NT_UT ££1_CN t

'_O

NT_PEE C_MNCN l
TAPE! C_N l

_T_PEJ C_Cfi 1

REWfNC THE SVSTE_ TAPE
LEAC l-T_-CS

SKIP CCWN T_ _IGN-C_ REC_RC

EXIT TO NCNITOR
RECbNCANCY CHECk. TRY eGAIi_, OR -o.
GIVE UP

A_C N_YBE TRY LATER

BCC CARC RECGRC IFCRTRAN ARRAY| FILLE_
BY |FFC

BC_ INPUT TAPE (FHGM C_RD REA_ER)
BCC _TPUT TAPE (IC PRINTER)
BINARY _TA TAPE (REFLECTIONS)
BINARY CATA TAPE ISTR_CT_RE FACTURS)
BCC CAROCUTPUT (TQ PUNCH)

• SPECIAL 6C_ _;P_ (_FII_N_LLY T_ P_I_T)

"_'_IAI_NOESIPl ....NATE_T'_ItY'| TVINP,T_"!_YTN_TP_T..................
U_ESIGNATEO ImPbT GUTP_T
U_OESIGNATE_ I_PbI-_TP_T
UN_ESIGN_TE_ INPbI-U_TP_T

-:_O
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NTPRCG C_CN 1
NTI_F CO_CN I
NTC_T_ COSIGN X
NTAU CC_CN 1
NTeU CC_C_ 1
NTCU CO_CN !
NTCu CO_C_ !
NTEU C_C_ 1

NTGU CC_CN l
NTHu CO_CN Z
NTIU CC_CN I
NTJu CC_CN I
ICU COe_CN _q
QUIT CCN_CN 1

SEN
rE_

PrF sEe
LI_O CC,,CNCC_CN 1

CCM_CN 6
|CP_CG CO,NON !
TITLE CO_CN
ICCC_P CC_Ch
NPa_E _--
LINCT CO_CN

NC_CS CC_CN
E_C

IX
I

l
I
I

pROGRAM TAPE _U_ER
_CfilTcr INPUT TAPE IUSUAL NTIS)
_CNITOR OUTPUT TAPE IUSUAL fiT_UT)
USUAL VALUE OF hT_PEA
ETC

IC _NIT TABLE
SYSTEI_ EXIT IIOUTIN[
(IOIJ ANC (_IT S_A_iE THESE FIFIY CL_LLS,
STARTING AT OPPOSITE ENOS AND _ql3F

)
FLAG To cAUSE PrzntL'_ _spr_Gra_u}_ _V" '_['| t tzv, eLZn_ nu_ee. (UAeEU) CF n CCrE
prCGrA_ sO FOr L_tsnc Purposes
PAGE TITLE
CC_POUl4C IC

Iq,_xL[fiE_uI"_,7EFTLIfiE_O pA_ePerpa_e (OESZOES _eaeznG)
I"IU_EER OF II_PUT CAROS F_EAC _Ii_ICE *O_T_

_i .___
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S_B_LIC LIST|_G _F -eSF_RT=
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'_0
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el

U

IB_FCR

l

LABEL
FAP

PRCGRA_ TC CJLL X-_JY SYSIEM FRCF B5

_CU_T [ OTL _ERS|_N CF 1 JAN 63

TAPEfiC e5

AXTCLA ehX_2
St_ ._L AeNXo
TAX ,'2,2,1

,
TEFP "_1
_E P

C_C _X_ 5,1
RTBP
RCHP C_SELI
TCGF u
TRCP

TR_
C_C 8S_P

TRA .XX_
C_SEL_ IC_T .XLZ,,4
t

SET PRCGRAM TAPE N_NBER

_EAC _NC CEECK L|_K LABEL

GC TC LCaCEH

REAE IN LABEL

I LIEK LCA_ER (EXEC_TE_ FR_ UPPER _E_CRY)
XL_ BSRP

ICT

TIX .XLC,I,I
XX_ kPi;_l

aXT 12 l
RCHA .X(_ IL
l_tA oXXAI
LCHJ! .XCIL

XX_I LCI"tA .XCIl,l

.XXA_,2ol

XXtl ! =)flAil
XLC t_Tt_ P

XC! (_CT C_ItCOO_CCCC
CCT CICOCOI_(]CCCC
CCT 2022CICCCCCC

ENTE_ AT .XLC
REC_Ca_CY - Try AGA|N

CCNMENT BAC TAPE

REAC l_ LI_K

CELA¥

CK= G_ T___HE LlfiK ($_E NO;E @ELQw)

_C X-RAY PReGRA_ TAPE unr_eLE
8L
7L

I I J I II I I_ I II i



3.g-F2

©

Z

C

XCIL

XLZ

XL(G|
NX

OCT O(_O_,(]OO(_C(_CO 6L
OCT OCOOCO_SClGG 5L

OCT GGO020102_ 4L0 T CGOOC4OGC ]L
G_T GOOOCOO_G_CC 2L
C]CT (]20(]_ 20C _1: G(_ 1L

SE_

[OCT .xcI_.IIOCT ,XL( |,,l
,,'" LAEEL

|GCP ,i,,,, IC CO_MANC FOR FIRST SEGmEnT
[ORT .e,,_i IC C_MANO FOH SECC_O SEGmEnT _F LINK
THAA ,, cTA_TING INSTHUCTIGN

REM COMPATIBILITV_ k_ TR_NSFE_ T_ ,XLZ+_, _h|CE IS EITHER A _

REM IS TEE SA_E _$ A EOP FeR PRESENT PURPOSES.
PZE

• X COMMON 0

.XLA El! .X+2
• XX_ E .XLA*4
._X_i E .XXA,5
.XX42 E XXA!+3

• MLC E _ .XXA]+I

.XLO_4

•
_CN 24

NTP_G CO_N 1
EN_



S¥_ECLIC LISTIhG CF -eSIBSV-
ua_eaa_m._tm_

t9

V7 •

_5

a LABEL
u FAP
aBSIBSV

LTM,

FT_TZ KILL
ENB KILL

TRICKY ._CI
tCO6
TRCA ,4L

TRCB I_ 1TEFA v_
TEFB t_l
CGT
_P
8_T ICO0
NCP
BTT 2CGO
N_P
ETT IGO0
NCP
ETT 2000

LF
T_ .+I

BURP AXY 5tl
REWB 5
RTBB
TC_B m
TEFB u_2
IRA I-3
WTBB 5
RC_O CU_PY
LCHB CUMPYeI
TCCB
TRCB ChDCR
TRA MACEIT

CHCCH TIX B_RP_I,ItI
WP_A
AXT

STUFF
PRINT LCHA STUFF41

PRCGRAM T_ _$E X-rAY SYSTEM UNCER THE IBSYS MOnITOr,...

STUFF o2

.... _,_lt .... e ,
- TTRe SYSRET

LETS HAVE A L_K AT IBSYS SYMBOL T_L

GIVE UP FLI_TING TRaP
SHUT CFF TR_IPPII_G PWGDE
KILL ALL C_TA CI_I_fiEL TR_PS
GIVE UP BEING A 1C_IIF ANYI
M_KE SHURE cH_aN .a, _.UIET
I] IT TC] B
SI_T CFF ALL IO CHECKS

FGRGET _B_UT _I_I_E CVERFL_wS

SHUT _FF TH_sE PCSITIO_ INOICATCRS

8518000
B_'IBOt_-
B$IBO02
BSIBCO3

O_IBCO5
B_!BOO6

BSIBOOB
_51BOC_t-
B5180!0
BSIBOII
BSIBO
BSIBC_

B_IBOL5
BSIBOI6
BgIBOI-T
BSlBOI§
BSIBCI9
BSIB_20
BSIBOZI
BSIB_2_
8518023
BSIB026
BglBO_

TC HELL WITH SEI_SE LIGI_IS nSIe026
_H_ CARES IF TMER_ w_S ,_l_CVERFL_W BSleOZ7
GET SET T(_ MAKE 5 TRIES BSIB_
REwINC THE X.RAY _¥STEM TAP[I BSIBO2g
SKIP _(_WN THE X-HAY TAPE BSIE030

BSIB031
TIL_ AN EN0 CF FILE IS FCUF_L_ BS|BC_2
KEE,- TRYIN_ --- O-_
PUT IBSYSES G(]C]CIES {_N TF'E TAIL Ef_O (IF OOSIB03¢
FIVE 8518035

BSIBO3_
Wait BSIEO_7
AI_i_ H{_PE THERE ,_RE h_ RECUNCA:QCIE_... BSIB038
WHEW.... BSIBC_)g
t_V FIVE TIMES BEFCRE q_lTTl_3 BSIB04C
TI_EI_ GIVE UP W iIl_ _ BAG TAP_ COI'IW[flI BSIBO_I

B;!BG42
BSIBQ4]
BSIBO_,4
BSIB045
05t0046
BSIBO_7
B5 IeO_e
B_

BTIBO51
C_NT GET CN LETS GET CFF..BSIB052

c)



0 3.g-G2
4164

@

C_

,7e

STUFF I{]CI I BSIB055

FC]LLCWINGIOCTXL [CLEAH B5IB056O TH_ STEr., TEE IWEI_GQY T(] ZERC IN A FAIR IMITATIOI_ UF BSIB057
• TH.. STANCARU FORTRAI_ MCNITCA AhD ASSURE THAT SYSCUM WILL DE HAPPY....BSIB058

NNENC,6 INITIALIZE C[JRE TC ZERO BSIBObg
_XxC .+1._.327,1 B_18060

SIX e-l,_.l B5 IliOn2

* THE FCLLCWING STEPS JAM A WAY (_F RESTC]RING IESYS INT{] (QUI! WHICH IS B5180,63
a WHERE FINAL, TEH_WII_AL, CCNE FOR. I GIVE UP, TYPE TRANSFERS GC TC BSIB06_
IWaOEII C_A SYSICR GET LC]C C]F IBSY$ CL(]CK GUT BSIB06S

STA HIBSYS STCRE IT !_, EXIT _CUTl_E _5IBOO6
CLA SYSRET GET Tl_E ACCRESS _h SYSTEM R_TURN Ei5lB_O 7

ALS .........t-FtBSYS*-I-18 ..... CECREIWENTIZE IT , B5IB068
_TC R [,.W,, 5 - " - n_,fiC/C
AXT " ""IWXL.6 OSlO07l
C-'A MCNEW+IWXL 4 PiCK UP EXIT CC]I_MANDS BSIHO72
S_(] MXL,_UITt _ STUFF TH 85IB(]7_A_I3 Es I_w _UIT
TiX _-2t4tl- REGION IN CC_NM_W SIC]RAGE BSIi30/-_r
IRA LINFIX _RSIBG?_

MCI_EX AXT 5,1 GIVE FIVE T_IES AT RESTCRI_w(a IBSYS B51BO76
BSR8 9 BACK (]FF _I B-OT-'/-
TEFB QUIT4,3 A_C LCCK FC]R Ei_C CF FILE 85IBOTfl
RTBB S REAC UNTIL E_F _ErEETE_ BSIBO7
TCGU QUIT+6 WAIT FCR QUIET C_ANNEL BSIBOBO
TEFB _UIT*7 IS E(_F REACI_E(_,.. BSIBC:_I
Tl_t (_UIT+3 NC TRY AGAIN B518_@2
TRCB CUIT*7 CCNT WC]RRY AE_3_jl RE_UN{_ANCIE$ HERE. BSIBO_3
RTBB 5 LETS TRY T(_ GET I_SYS BACK L]_ THI: AIR BSIBO._6
t,_CHE

IT*_21 BRIhG BACK [BNUC HI, AL....... BSI80_ -LCHB UI T* B518(]86
TC(_B UIT+ll LET IT GET IN .... ST_ACY NC_ ..... BSlEO8?
TRCB CUI T+18 RECUNOANCY HER_ CCULC REALLY SHOC]T _S UPBSIB(3@8
RUNE 5 REWINC AND UNLC_C X-RAY SYSTEM B5lBOBg
WEFB 2 EI_C] _FF THE IBS¥S PUNCH TAPE SO tHAT BSIBO_
WEFB 2 Tl_E NEXT IWANS jUE WILL RUh_**,e** BSIOOgl

HIUS¥S TS.X ,t,6 CALL CLCCKCUT B5IB092
FIVE *_, CALLING SEQUENCE {_F CL{]CKII_G C;PER_I_L_N B_le_
DSRB _'
TZX _IT+8 I Z THY IT FCUR "(]HE TI;_E_ FC]R KIC.KS BS!BO'_
IRA CU lIT+ _ ' "HAVING FAILEC TEAT ,.,PRAY I_HAT E_(]IJGH BSIBO'_;6
TINCT C.t5 IS RESTC]REU TO CCMPLETELY 8AFFEL IHE BSIBO'_7
[_CC 6etlgg6 C]PERATC]R,... (C]CNT CRY THIN_S CANI GET @5IBOq8
REM M_CI_ WC]RSE.,... CAN THEY..,.... BSIBOqg

MXL EQU _-NCI_EX BSIBIO0
K I Ll PIE .... @_OtC B5 I_I-

lt_ITIALIZE CUrt SYSTEM TAFES TC AGREE wIT_ THE USUAL U. MU. SET UP eSII3X_;2]HE FQI.LGW|NG STEPS I_EFIINE TAPES _IFFERE_TL_ THAN U.W. STA_A_O _ BSIBLC_3
S SET BY SYSTEM INITIALIZIIsG SUORCUTINE SVSC_M ...... BSlBl,'_4-

• FINAL_VER$I(_IW (iF 8_IESYS WILL HAVE TC BE l_uCl_ S_WARTE_.... BSIBL05

OSIOlO7

a a_J O;i,

BPIB

PRCG-7 F_IEI_4
" _blOtL5

AXT l_X,2 MCVE LCAOER T_ UPPER MEMC]RY B5IBLI6
CLA ÷hX 2 -B5I-B_L?

Tix ,-2,_,I BSIBLLg
" BSIBL20

TEF8 _+i BSIBIZI
REWB _ B510122
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CEC AXT _olRTEe
RCHE CHSELI
TCO6

TEFe 0
AXT 5oi
TRA .XLC

CEC OSEe 5

REAC ANC CHECK LXNK LABEL

GC TO LCADER

_[C_CANCY TRY _GAIN

- 2
...... _2

B5|6!_
s51813
BS|813TIX CHC_Ieltl

TRa .XXa BB_CH$ELt tORT • _XL_tt4 • _EAC IN LABEL
• ............................... 8518!3

• LIEK LOAOERBs.e (EXEC_TEC5 FRC_ _PP_l__-_ TRY E_TE_C_.INAT .XLC __
XLA IO_

NOP
TIX .XLCtl,I

XXA _POA
txT 12

TRA .XXAX
A .XCIL

XXAI L_A .XCIL.I
LXA oXCIL,2
TX! .XXA2,2,1

XXA2 SXA .XCIL,2
TiX ,XXAi-lolil
TCOA ._XA2*2
_POA

CCNI_EI_T BAO TAPE

AX_ 1C[3.1
LCHA .... .FUOGE ..............

" TIX .XXA3-2,I,I
XXd3 TRA _UIT AS LCN_ AS _E c,q_r

RE_ ...........

eslel)

85161*

......................

RSIBl_"

851815

_EH
XLC RTBB 5

RCHE .XLZ'_X
XLC TCOB .XLC

TRCE X A

TRA ,XLZ_2
R e4

XC[ C_T
T

OCT
OCT
OCT

T
OCT

!!!FIJCGE T
REI_
BEe

XCIL l 1 .XL _.1
XLZ ...-

ICCP "',,'"

SCiEnCE..'- ELSE PAY

851015

851815
GET ON THE AlE LETS 851815

6_ o,_ O_ ._i'._C LET ' _GlSi
THE TAB.,,... $$SS$ 851615'

CELAY 85 IB I6_

8518I6'
CK_ GC] TO TEE LIN_ I$EE _CT_ _EL_) 85IBlb!

_n_EACABLE 85_
• le_l  

" B-_ 1816 _
8510174

• 8.51017_

8518I'7!
85

0518 lTi
F_GE A FEk EXTi,l_ LINES SO C_PEt,I_TC_ kILLBSIBL7_

SEE CCN_ENTS 85[9_8(
 slelel
05 lB 18".'

CA e EL _8____IU18 _
IC CCNNANC FOE FIRST S_GNENI 1_5I'818_

C411CO02CCCC 9L X-ray PRC_GRAW T_FE

OIOOCOOC_C(_ 812022CLOCC 7L
C(](]_(]CO(_CC _(]

C0_0201C2(I C°CC _L
0000040(_(;_C]0 _L
OOCCCOOCC'_CC_ ,L
C2OO,20C,_CC IL
2100(_ICC(_CC (_L

!t35_.10'C" CC I_L0242_11]CC 12L
IN.tI
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Z

XL{O)
NX
I_NEI_C

.X

.XXJ2

.XXI3

.X

.F_OGE
.XCIL

.XLZ
.XL(O)
NTI_
NTP_G

ICHT "'o,'e IC CO_EANO F_R SECONC SEGMEhT OF LI_K
IRA ma $TA_TlfiG I_STrUCTICN

rE_ IF T_EL_ApE _jS FrEP_rEO ev _enzt_r c_A_n tHErE *ILL 8E
rE_ A SI_ loft AT xLz+I Ane t_e trA AT .x_z_2. To rEtAzn
RE_ CC_PA IBILIT¥ wE tRAnsFEr t_ _cz+2 _[c_ Is EITHEr a tr_
REH CR an I_RT _IC_ 15 T_E SaME ]ING j$ a _T_GLESS) TxH W_ICHRE_ IS THE S_ AS _ _CP FCR PRESENT PUHP_SE_

rE_ • Tc ceFInE L_sT LCC_TIOfi eF PROGR_

EIU 32561
E U .X÷2
E U .XL_*4
E _ .XX_5

E_ ,IXAI*3, X X_ee

.XLC_4

.XCl_12

E_ .FU_GE.t
.XC!L÷2

E_ .XtZ.43254_
E_U 32537
E_U 32475

E_ 32451EN

BSIeteb
05IB187
BSIBIB8
8 5 IBIB9
BSIBI_O
B51819I
BSIBI_2
BSlB193

B_lBtq5
_51B1_6
_IBI_
_5181_8

SSISZ_OBSI82uI

_51B2_4
BBIB2_5
B_182_6

35
BS18208B20_
BSI82tC

85182
BSIB213
BSIB214

i70

2
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SY_ECLIC LISIIhG _F =BSBELL-

i LABEL
= -FAP ........
• BSBELL PRCGRAN TC USE X-RAY SYSIE_ _NCER tHE _ELL _CNIT_R
I

CCUNT " SO
CALL _COLBE
LTI_
LFTI_
STZ KILL
rENO -- #tL-L ..........

, • tr•..,,A TR.,.KI
ST(]STC

TCC]8
TRCA 14,1
TRC_ ,r_l
TEFA o4,1
TEFB qel
nCT
_OP
BIT lO00
NCP
BTT 2000

_P
ETI 2GCO
N(_P

NCNEX REW_ !
_TBJ 1

__ __,i _,;i'_::__.......

REM
TF1A l
HEM
REM

GIVE UP FLCAIING TRAP
SEUI GFF TRAPPIhG MCCE
KiLL ALL C_TA CEAflN_L THAPS

GIVE UP eElfiG _ 704(IF _hY)
_AKE SH_RE CHAN A _U[ET
CITIG e
S_UT _FF ALL I_ CHECKS

FCRGET ABOUT {]IVICE C]VERFLI_S

Sl_T CFF T_CSE PGSITIOI_ INC|CATC]RS

I

SLF TC HELL WITH SEhSE LIGHTS
TCV *+l WHO CARES IF THERE WAS AN QVERFLO_

, THE F_LLCWING STEPS CLE_H TEE MEMCRY TO ZER_ l_ A FAIR IMITATION UF
- THE STANCARC FORTRAN fiCfilTOR AhC AS_RE THAT 5YSCOM WILL BE HAPPY....

I_ITIALIZE CCRE IC ZEROAXC _NE_C,_

S_Z 32767,4
TIX _'l,_,I
THE FCLLCWING SIEPS JAE A PROPER BELL EXII |_TG Q_IT wHICH IS
WHERE FINAL_ TERMINAL, CCNE F_R_ I GIVE CP, TYPE TRAr_SFERS GC T_
AXT NXLt6
CL_ __*._L._ Pie. uP exiT c_cs
ST_ _UIT*NXL,4 A_C ST_FF TEEM lh QUIT
T!X .'2e_eI REGION IN C_MM_ SI_RAG_

C INFIX
_EWINC SYSTEM TdP_
Leae T_e FZRST _C_e _F
THE eELL MC_ZZ_ _V SZ_ULATZC_

BCCT STRAP &NO P_LL UP _N SAI_ STRAP
T_E LC_ TAPE B_TICN IS NCW P_SH_...
GCCC LUCK MCTHER _LL ,., A_O HAPPY
L_NCI_GS



Jj_

L

Z

:/i

, _

t_

Y_

II

LEICS tQCT Oft3 TRANSMIT THREE W_RCS STARTING AT
REN LCCATICN ZEHC ANC TRANSFER BACK WLT_CUT
REN CISCC_NECTING

NXL EQU .-MC_EX
KILL PZE CtO_C
TRICKI ITK TRICKY
" ]HE FCLLCWING TWC CC_TS CEFIfiE T_E SYSTEM PH_G TAPE AND _AX LI_ES.
PRCGTP PZE _tO_!5

LINES• SET THE N M LINE_IPAGE (EESICES EEACING) FOR BELL LIST IAPE
LINFIX CLA LINES

ST_ E+Iml_
C A PROGTP
S_ ET PRCG

AXT NXI2 MCVE LCACER TO _PPER MEMORY

TEFE ,+1

RTBB 5 REAC ANC CHECK LINK LABEL
RCH_ C_SELI
TCCB •
TRC
TEF_ _CHo

t ._S_[C GC _ LCACER
C_C _SRE 5 REC_NCANCY TRY IGAI_

TIX C_C+I,I,I
TRA .XXA

CHSELI ICRT .XLZ_e4 REAC IN LAEEL

I LI_K LCACER (EXEC_TEC FR_ _PPER _ENCRY) ENTER AT .×LC
XL_ _SRE 5 REC_fiCANCY TRY _GAIN

XX_

ICT
_CB
TIX .XLC,ttI

wp_AAX
IL

IRA .XXAI
LCH_ .XCIL
LCH_ .XCIL+I

_lA .XCIL,2I .XXAgt2_I

X _XXll_ltl_l
TC_ ,XXA2+2
wPC_
RCH4 ,FUOGE
AXT I00,I
LC_ ,FUCG_TIX_ _ :-_,_X_32,1,1

i:iii:!._ =iT

RCHB ,XLZ+I
XLC ICOB .XL_

TR¢B ,XLA

CCt_iWENT BAC TAPE

•.v re.: ut :_a _ e, e_c_ +e_ An-e _.|t sSCI_ECNE ELSE PAY THE TAB.,... " $$$
REAC IN LINK

CEL_Y

-- I -- I i i ,i



TEFB
TRA
REM

XCI CCT
OCT
OCT

.,• OCT
• CCT

CCT
CCT

• C_ T

CCT
CCT

• OCT
FUOGE lOCI

REi_
REP.

• XCIL [CCT
ICJCl

XLZ

.XXA

.XLZ*2 _K, GC T_ TEE LI_K (SEE N_T_ _ELC_)

O411COO2CCCO gL X-RAY PRCGRAI_ TAPi: UiWREACABLE
0 IOOCOOCC_C(] EL
202201000C00 7L
(]006000C¢C00 6L
00000045C
000020102_ _L'qL
OCOOCt, OOC_CC 3L
O00CCOOCC,_CO 2L
0200_2005000 IL
2100C_IOOOCC O1
14352- IOe(}2CC IlL
C202424 I'JSCC 12L
NTINtI, 1 F_CGE A FEW EXTRA LINES SC _PERAT_R WILL

SEE CCMMEhIS

•XCl. 1
,XL (O|ttl
t ttlll LABEL

[QCP "'ttm. IC CC#_MANC FOR FIRSI SEGIWENI
_• ICRI .o_,_. IC CCIWIWANO FCR SECCNC SEGMEI_T OF LINK

IRA .. STARTING INSTKUCT ION
: REN IF ThOrPE WJ$ PfiEPAREC BY NCNtT{]I_ CHAtNt Tt_ERE WILL _E

REM A SINGLE II_RI AT .XLZ+I ANC THE TRA AT .XLZ*2, TG RETA[t_
i;'• REIW C(]MPATIEILII¥_ WE TRANSFER TO ,XLZ+2e wHICH IS EITHEt_ A I_A

REi_ CR AN IORTt kl_ICI _ IS ThE SAME T_ING _S _l (TAGLESS) TXH Wt_ICH
REIM IS THE SaME AS _ NCP FCR PRESENT PURPOSES.

XLIC) PZE
;_• NX E(_U .'XLA

N_Efi_ E(_U e TC CEFINE L_ST LGCAT[{]M CF PRLiCRAP
; REIW
_r . X i _ U 32561

_• .XL._ EGU .x+2

i! .E U WXA*5
.XXA2 E U XX_X+3

E U• • X,W_3 xxA2 e
• XLC E U XXA3_I
• XLO XLC_E U • 2
.XCI E U XLC*6

E _j 2• ,Ft_OGE ,XC[_.XCIL ,FUCG_+I
,XLZ _ _

QU XC_L+2EQU :XL 6
• NTII_ EQU 3254g

TPI_CG EQU 32537_t_ I EQU _-2_175
E U 32_51

L INIWX E_O

_o•
ig

,7•
iG
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12
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w,m! _,1 ,,,,. g .w! m _m l.*

LIST CF CCNT_IB_TCRS TQ THE SYSTEM

ERC_Nm OR. ER_CE W.
DEP,A'_ENT CF C_EMISTRY

PCRT_!_C SI,TE C_LLEGEP_RT GREGC_
PHCh _ ItC3-226-7271

CI_ASTAIN, iwr4, Rc_l_ v.
OEP.e#TtWEt_I CF CF.E_ISTRY

UNIV_$1IY CF wASHINGTCNSEAT E _ _ASHINGTON
PHCI_E- _C_-_43- 1686

CAYHCFF, OR, IWARGARET
NATICNA_ BICMEI]ICAL RESE_KCE FC_N_.ATION INCCRPE_RATEC
B6C(_ 161H STREET
_-L-_IEfl- _Pfl | h G M_RYLANO

CICKINSCN, ER, C_IRL_SU.$, NAtaL R_N_NCE L_ECRATCEY
WHITE C_K

_I-_._-8_7E, HY_TTSWILLE, SILVEH SPRING

EIGE, DR. C_ERELL F.
_E_RTNE_I CF C_EMISTRY
_NI_ERSITV CF C_LIFCRNI_ AT $A_ CIEGC
L_ J_LL_, CALIFCRNIa
PHChE= _I_ _5_-2388t EXT 52_

_CLCEN, CR. J_E5 H.

U.$_ N_IlL CR_INCE L_BCRaTCBYIK
PHC_E _ 3_i-1g_-84_ YLtNC8_ HYATTS_ILLEt SILVEI_ SPRIhG

J_RSKI, MRS. _ARW A_
38 E_ST 241E STREET
R|_IER_ BEACH. FLCRI_A

dEMSEfit PRCF. LYLE M.
OEP_RTEENT CF AhAT_NY
UNI_ER$|T¥ CF _kSHIMGTC_

SEtIl_E 5, WAS_INGTCNPHEfiE _Q6-_43-1e61

LING_FELTER. PR_F. ECWARC C.

_EP_ETX_I CF CFE_ISTRYUNIVERS T¥ CF W_SHINGT_N

SEIIILE 5. WASHINGTON 1PH{hE= oe-943-16e6 (CMEM _EPl



APPENCI)IIX CC]NTI, NUEC

3.Za-2
5/_4

0 •

_GACSI_,

STEWART,

OR, ER_E
PH¥S|CAL SCIENCE RESEARCH

SA_CIA C_R_RATI_NALE_ _E_E, _E_ _EXiCC
PHChE- _5-256-_11-5616_

PRGF. JJNES N.
OEF_RT_ T CF ChEmISTRYuNI_SI_ CF _ARYLJNC

PHC_ _z-ee_-e2_
T_KE_a, CR, hl_5_l

_T_E_T CF C_E_IST_¥

BALT|_EE, _A_YL_N_

CGEF_TGE .,C_IEfiCE CENTER
UN|_EESI1_ CF _aHYL_NC

0

i •

2o•

_5

I±

iO
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.... _.,, .... ,.



3,11-I

APPE_C[X Xl

-LISTUP4 - J _C_-SYSTEM LISTING _PC_T6 P_G_AM

C_

0

0

(,/

Z

b,

2_
r-)

O

• LISTUF- IS A PRCGRA_ 1C _PCAT_ A SY_BCLIC LIStinG TAPE BY AC01NG,

REPLACI_Gt CR CEL_TING L|$TtNt_S FRC_ A-MASTER T_FPE. ALTflI]LJ_fl _RtT_ ...............

FCRt A_ INCL_CEC wIl_t THE -l-tAY 63= SYSTE_ 1HIS PRCGRAI RUNS I_CE-

PEhCENTLY ANt IS Net A PAHT CF NOR C_ES IT H_N I_ THAT SYSTEM. Tt_E

PRCGRA_ WAS WRITTEN BY CAWRELL F. HIGH.

A. F_EPARdT|CN CF THE SCARCE T_PE.

THE INPUT TAPES T_ THIS FRCGRAM _RE EITHER THE CUTP_T _F P_PVIO_ "-"

RUNS _F THE PR_GRAMo C_ ELS_ LISTING C_TPUT$ _F I_E FORIRA_ COMPILER A_C

F_P ASSEMBLER IN THE FCfllRAh M_NITCR SYSTEM. IEERE ARE CNLY THREE _ULE_

FCR THE PREPARATION OF THESE TAPES.

R_LE 1 - M_N_AT_RY, IHE SIMB_LIC CECK F_R EACH PH_GHAM SHALL HAVE AS

ITS FIRST C_R_ T_E _NIT_R C_ETE_L CIR_ =eLABEL=, C_TAI_IN_ :,= IN

CGLUNN I, -LABEL- I_ C_L_MN$ 7-II CR C_LUMNS e-12, ANC SERIAL INC_TI-

FIC_TIC_ |h CCLUMNS 73-?E, ICCL_M_S 7_-E_ aRE IChCR_O.I

R_LE 2 - EdN_AT_RY. THE SE_EhCE CF _ECKS _N THE TAPE SHALL BE IN

INCREASINQ CRIER _F THEIE IC, TAKEN IN 7_g C_LLAIING SEQUENCE. THE

CG_TH_L _F lEE _P_ATING PROCESS IS EASE_ _N THESE -ILABEL= _C_H_S.
• : ._-._f,_

'70

14 •

12

I0

RULE _ _::::__, BU1 LE_C5 T(_ ELII_INAIICIW I_F _Pl_fll(_S IIWFI_R_ITIC_

FR_ JIbE Lt51|fi(_-,, aFtER TI, E L_ST SYMBCLiC {]ECK IN tEE dCJE (O'R AFTER

ANY SYIWBCL|C CECK WHICH IS FCLL_WEO BY CTHER TH_ A_CTHER SYMt_(]LIC I]ECK



WITH ItS -eLABEL- CAR_|t INCLUOE A CARO CGNTAINI_G =wENCIN- IN CCL$ L-6,

THIS CAUSES ALL LINES _h ThE LISTING T_ EE SKIPPEOt QEG[NhING WITH I_

=mENDIN= kECGRDt DOWN TC THE NEXT =zLABEL= RECCRD _H ThE EfiO-OF-FILE.

Bo GFERATICN GF THE PRCG_A_,

L_

LP,

2_

C_

19

18

17•

r5

123

,©

THE MASTER LISTING TAPE 1D BE UPCATE_ IS MGUNTEC ON _IT (ASI, I_

UPCJ_tISlI_G TJPE tS_fwI_UfllE_ GN U_IT (AOlm A_U A_ UPCATEU LISTING

TAPE WILL BE WRITTE_ ON (B6|_ C_NTRDL INFORMATION W[LL BE HEA_ FrOM

UNIT (_2), IN THE FIRSI STEP, The IHREE INPUT l_PE$ (A2)_ (AS)_ ANC

(A6) ARE RUN IN AS FOLLCWS. ALL RECOROS AN (AS) AhO (A6) _E SKIPPED

OGWN IC, B_T N_T INCLU_ING_ THE FIRST -_LABEL= CA,R_ WHICH HAS MCN_BL_NK

|D. (THIS MEANS THAT _C_ITCR $1GN-CN REMARKS, EIC._ ARE SKIPPEO. AS

LGNG AS THEY CCNTaI_ NC =*L_BEL= RECGRDS WIIh HEN-BLANK ID_ THERE MAY BE

CUTPUT FROM PREVIOUS JE_S C_ T_E SG_RCE TAPES [A_) ANO (AEI. THIS

FEAIURE IS CCNVENIEMT W_EN CNE CF I_E TAPES IS PHEPAREC BY A SYMBOLIC - -

UP_ATE JGB FCLLGWED BY A_ ASSEMBLY _N_ CGMPILATIGN JGB.) ALL RECGROS C_

(aEl _RE TRANSCRIBE_ O_TD The _UTPUT_ (B6)_ UNTIL CNE I$ E_CCUNTE_(EC

WITh A .e. IN C_LUM_ I. IH_S PROVISIDN IS MADE F_R LAEELIMG THE CIUTPUT

TAPE. _ FURTHER C_RDS FH_ T_PE (A2) WILL BE IRANSCRIBED (SEE EXCE_ _

lI_ UNDER ,=BREAK=, BELDW), I_E FELLDWING IYPES _F CARDS _ILL BE

RECDGNIZEO _N (A_), _N T_E EASIS _F THE PUNCHING iN COLUMNS 1-6-

zREELS _REIN_RILY, PRGCESSIhG IS C_NCL_EEO WHE_ ALL THREE I_PUT

IJPES )JVE REACHE( T)E ENd-OF-FILE. IF A .,REELS- CARU

APPEARS, l_E P_DGR_M wILL EXPECT THE MASTE_[_T_ f_ CO_-

T_IN TEE CUMBER CF REELS SPECIFIED BY AN I_IEGCR PUNCHEO IN

_L_N e. _S 1HE EN_ _F EaCH REEL IS RE_C_EO, THE PROGW_



AS SGQNAS THE IC CN THIS CARt BECOMES LESS IHAN IflE ]i] _N -

THE NEXT BE_AIh[hG =_LABEL= CARE C_ THE _ASTER ANO UPDATE

LISTINGt lee _FCAtlNG PRaCESS |$ TERMINATECt THE O_TPUT

TAPE EhEFILEC, ARC ALL TAPES RE_U_.

• _REAK AS SCaN AS TEE It_ C]N TIllS CARl] BECC_.E_ tESS II-IAN THE 1_.) tin

TEE NEXT REPAINII_G ,,,mLAEEL- CARE 01_ II, E /_ASIER ANt (JPE)ATE

LISTING, T_E _TPI_T TAPE iS ENCF|LEC ANt RE_OLJhC A_C A

NEi_ (B6) IS RE;IJESTEC. FI_LLC_[NG A ,,=BI_EAK- CARCt Ar_Y

C_TP_T TAPE_ _hTIL A CARE I_|TH A :_- IN CC_L_t4N I IS _F_.

ANY eTHER CAEE _ITE A -_- IN CCL_N I AND NCN-BLANK I_ _ILL

CAUSE _ LISTING _CSE =_LAEEL = CA_C HA_ _ATCHIh_ IB Te BE

C_ITTEC_ EEETHER IT 15 _N THE _PCATE CR _aSTER TAPE.

(_

L•

./

u_

_EEN A =_LAEEL = CAR_ CN IEE _PCATE LISTING CC_ES INT_ SE_ENCE _ THL

EASTER LISIINGt THE -eL_EEL= CARC AhC TEE FCLLC_]NG LISTING A_E CUPIEO

CNTC TEE _TP_T TAPE. IF A =_L_BEL- CAR• QN THE _PCATE LI_TI_ _ATCHES

IN IC Erie C_ THE _ASTER LISII_Gt TEE =tLABEL= C_R_ AN_ LTS ASS_CI_TE_

LISTING CN TEE NASTER TAPE AfiE _EPL_CEC BY THESE FH_N THE UPCATE TAPE.

ALL _TEER LISTINGS FRC_ THE _STER TAPE ARE C_PIE_ CNTC THE _TP_I.

_• THE PR_GRA_ IS R_N AS A _hll_ SPECIAL JGB, T_E EARC 8R_EK BEING

N_ITCR C_fiTR_L CARES, BiNaRY CECK CF -L|ST_P= (THE_E _RE N_ SUBRCUT|NE_

• NECESS_RYt_ =_CATA=_ AhC CChTRCL CARTS TO _E _E_C F_ {A2). THE C_LY

C_TPI_-T CT_Efl TH_T_E _ERCEC LISTING _N (Be) tS _N THE Ct_-LI-flC---PHi_T£_t .....

• THERE 15 NC CUTPUT CN (_3) EY THE PraGra_. THE _N-LINE LISTING SH_LC

BE C_ECKE_ F_R SEQUENCE CR ETHER ERROR RE_ARKS.

_ FOB $T__E_ EER_IN__FLISTiBO_:tANC TEE FEAT_RE FCR'C_[TTING

:_ :RCBABLY N_T ALL/_C_'_|ELE S_EhCIN_ C_B[__ _A_E CCC_H_E_t _NC TH_
_REELS'_ =_UIT=, AN• -_BREAK= FEATURES HAVE NET BEEN TRIED. THE PR_-

_ GRA_ IS S_PP_$EC T_ BE_A_E PRCPERLY _HEN AN ENC-_F FILE CCN_ITI_N'IS
ENCC_NTERE_ _R|T|NG (B61_ E_T THIS FEATURE HAS NET BEEN TESIED.

!2

IO

i|,-
4

i i iii -- " I III I I mm i i i i - I I



3.12-1
-0 ....................... 4_/ ..........

__.!_ _!!

GEfiERJTE ANC UPCJTE XHAY SYSTEM SYMBOLIC CARD TAPE

_. .--'i----'_ -,'- "---_" ...... _-"___-,'-_-'-_ -'- ......

]'t_ESE 14_lv FI_C_ WErE PREPAttEQ BY S. WAX

CESCRIPTI{_N, THIS PRCGRAM _AY BE IJSEC TC GENERaTEr IjPCATE CR CC]PY

A BCC TJPE CCNTAIN|NG TI,E SCIJRCE BR(]GRAM DECKS FCR IHE XRAY 63

S-¥SIEM, THE TAPE HAS _ F_'_L[CklNG FORMAT - SCARCE DECKS ARE _

TAPE-3L._E-_R-kA_E- 1_4C4_ (_5 C_Q) RECCRQS C_ AS A SINGcE

VARIAELEt LENGTH RECCRC_ IF THE PR{]GRAM IS LESS THAN 55 CARCS IN

LEINGTH, THE BEGINI_II_G CF EACH PR(_GRAM IS MARKE{_ BY A FCHIKAN

e LABEL CARC -_-]_-P_-GRAN NAME -IN CCLUNfiS T3-_77; TfllS C_I-S

WA_!TTE_ _aS _ SEp.a.E_TE RECCR£ P_ECEE_ TI_E lPir_A_L C_[_ _ECC_L,

CPc,_T J_nU znaTR_CT z_NS_

A) TC_ G_ENER_TE A NEW MA_TE_ T_PE FBCM CARCS, ....

E l"l r"

I.C'A_ Ti_E"PRCG'_AM"F_Z'CEC"ECt T_E CARCS TO @E w._ITTEN C]_ raPE.
4I PROGRAM _WRITES AM E_C FILE AFTER THE LAST CARD HaS BLE_ wF{ITTL_

B) TC COPY THE MASTER IdPE,

| T_Gh TA_E II_-_$I_P $_[TC_ 4NO SE-_$E _TC._E-S A _
l) M_UNT THE MASTER T_FE CN _NIT _NE AN_ A SCRATCH TAPE ON UNIT 2.
_) LOAC THE PROGRAm,

C) T_ UPCAIE THE MASTER TJFE.

I) _PCATING IS _CC_IWPLISHEC IJSIhG _ALIE_ LA_C_, THE F'_MAT UT
[HESE CARCS AS FCLLQWS, ......

CARC CCLUM_ C_hTENTS
i'l_ _ " ALIEK ( " 8LAt_K-)- .............
12-Ig FIRST LABEL
2(_ (IF E]NC LABEL IS REC_INE[!)

TEE ALTER CARCS MAT 8E _SEC TC ACC, CELETE _R S_BSTIIUES BECKS
FROM THE M_STER IAFE. THE LABELS MUST _E EXACTLY aS IHE _ECKS
_fiE L_EELEC O_ I_E _ASTER IAPE, iE _F-IVE ALPha-

nUMERIC CHARACTERS FCLL_W_C BY ZERC$ FC_ a T_TAL _F EIGHIAL L E_L_ _N ANY SET OF ALTER C_H_S MU_T _iE
_CiSE CECKS aPPeAR _ tile _AS_ER t_PC:_|_THE SANE CR_I',S I

2I ACntTICNS TC THE MASIER TAPE

P_NCH AN ALTER CARE _ITH A SINGLE LABEL. THIS LABEL SH_UL_ BE
TflE-_K N_ME BEFORE WHIC_ TI_E_OECKS F_LL_W_N_ IH_ ALTE_ CA_O
ARE TC BE ACCEC. ALL PRCCR_MS FCLLCWING THE ALTER CARD WLLL _iE
AG_EQ TG THE TAPE _NTIL THE NEXT CARC C_ LAST CA,¢_ i:, i_EA_.



l

I

©

0

/7 0

3) CELET[CNS F_C_ t_E _ASTER TAPE. i

A) PUnCE AN ALTER CAR£ *IrE TkO LABELS _N IT. THE FIRST CF THESE
ZS TEE nA_E CF TEE FIRST P"OGRAM Te BE CCLETEO. TEL S_CCnO iS
THE _a_E OF THE LAST prcGR,_ Tc BE oecEteo. !

e) IF C_Y _nE PR_,A_ iS TC eE CELETEC, tEE FIRST ^nC SECCn_ iLABELS SECULC zCEntICAL.

_) suBsTItutIoNs eNIc t_E _AStEr TApe.

A) PUNCH Aft ALTER CARe AS CESCr[BEC under CELEtlcnSo

e) PLACE TEIS CARL IN FrOnt OF the OECK _r CECKS TO BE _CCE_.
THE SVSTe_ N[LL CELETE TEE PROGRAMS tnCLUCE_ eV TEL LABELS rdn
TEE ALTER CARE A_C S_ESTIT_TE TEE CECKS FCLL_IhG THE ALIEr
CARO UNTIL TEE EEX1 ALTCE_ ARC OR LAST CARE IS _EA_.

A) EC_NT TEE NASTER TAPE Cn U_lt-I A_O A SCratCH IAPE _ U_IT 2.

E) ARRANGE THE ALTEE CAHCS AnC TEEIK FCLLCk[_G OECKS IF AhY_ [_
THE S_E CROEA AS T_E PROGRAMS PU_CHEC _r_ THE ALT_ CARES
APPEAR On TAPE.

C) T_Rn Cn TEE lIE CE_CK T_ ST_P Sk[TCH AhC SENSE S_[IC_ Ao

C) PLACE THE hE_ CECK5 A_C ALTER CAR_S _EEI_C THE PR_RAN A_O
LC_C. i

1_01 RETRIEVAL CF X_AV 63 SCienCE _ECKS

CISCRIPTIC_e THIS PR_GRA_ IS CESIGnEC FCR _SE kith A TAPE CC_TAI_I_G i

TEE S_URCE CECKS CF THE X_AV 63 SYSTEm. THE TAPE HAS T_E FCLL_6[_tG

FCR_AT• TEE CARES CF A SCARCE CECK ARE ON TkPE AS ERIE C_ _C_ _OC

(55 CARE) RECCRCS CE AS A SINGLE VER|ABLE LENGTH _ECOHO IF TH_

FR_GRA_ IS LESS THAn 55 C_ECS In LEnGTE° TEE E_G[_|_G _F EACH

AS AM 8_ CHARACTER _ECC_C PRECEEO[NG THE S_CE CA_C t_,E_ (_)_

AS PRESENTLY I_t/TT_he T_[S PRCG_A_ _AY BE USE_ T_ PERFOH_ THE

FCLLC_InG _PERATlO_Se THE SENSE S_ITCH SETTINGS ARE GI_L_ FCLL_|_G

TEE _PEflATICn CESCR|PT|Cn. (SENSE S_ITCEES t_ BE T_RNE_ C_ -...)

1) P_[nT THE TAPE -A_C

2) P_C_ T_E TAPE -A_C

e



("_ •

k) EXPAND THE TAPE i_TE 8C CHARACTER HECGRC5 _N ANOTHER TAPE -A

§l PRlfiT ONLY THE 1LABEL afiC CARCS ON THE TAPE -AtUtE

6I PRIfiT THE *LABEL ANT P_NCH a COMPLETE SET CF RETRE[VAL CA_DS -A,B,CtE

7) REIRLEVE A PRCGRJM FRC_ THE TAPE A_C _UTP_I it XN ANY OF THE
F_R_S |) TC 4) - Ate, ehY SENSE S_ITCH SETTING FROM I),2),]),
GR 4I

Bl REIeIEVE A PROC_eM, OUTPUT IT IN ANY OF THE ABOVE FU_MS ANC
HALT AT THE ENC CF THE CURRENT PROGRAM (E.G. T_ CHAI_GE! THE
SSW SETTINGS FOR THE _EXT PROGRAM TG BE KETeTEVEOl - AtBtF,
ANY SENSE SWITC_ SEITlfiG FROM II,21,3), CR 6I.

PRINT APPENCIX I - FIRST CANES OF EACH R_II_E - AeB,C,E,G

PRINT ANC FUNCF APPENCIX I CF USERS MA_b_L - A,8,E,G

OPERATING It_STRI_CT IONS.

1) TURfi CN THE TIC CHECK STEP SWITCH

2} SET THE SENSE S_IICHES FOR THE CESIREC OPERATION.

3) _T THE MASTEH TAPE CN bNIT |.

4)
I_ EXPA_SICfi OF A PHCGRAM I_t_ 80 CHA_ACTEB RECORDSEES[RECt _Cbhi A SCRATCH TAPE ON _NIT 2.

IF RETRIEVAL GF FR_R_MS IS CESIWEC PUNCH THE NAMES OF EACH
PROGRAM IN COLUMNS l-_ CF A CARE. THE NAME MUST PUNCHED ONE
flaME TC A CARD A_C _ST BE EXACTLY AS I_E CECK IS LABELED Ch
TAPE. IE TWO THRC_G_ FIVE ALPHANUMERIC CHaRaCTERS.
FOLL_WEC BY ZERCS F_R A TOTAL _F EIGHT CHAfiACTERS.
PLACE THESE CARES BEHIhC THE PRCGRAM _ECK M_KLNC SUre THAT THE
CARES ARE lh TFE SA_E CRCER AS THE CECKS APPEAR _N TAPE.

6) PRESS THE START RESET AI'WC Cl'iECK RESET KEY5 ON TEE l_OJ.
ANC THE CHECK RE SET KEY CN THE 1_,02.

7} PLACE THE PROGRAM RECK ANE RATA, IF ANY, Xfi THE READER AN_
PRESS TEE LCAC KEY.

I9

18

i7O
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6

3



C'

'7•

JOB GEI_ERATE Af_C _PCATE XRAY SYt_BCLIG TAPE
C TL 6kl

m

,a TO GENERATE a S¥twi_CLIC TAPE FC]R USE ON a I_GI _ITH _CGG PU_.

• CF STORAGE, CHAt_G_ T_E FCLLeWIN(_• CHANGE ThE e AC(]R SSES CF THE C NPARE INSTi_LJCIIChS
a AI LOCATIONS INCHCI+3 AhC hEXIE-] FROM 32¢ I{] _8C
• CHANGE THE CIJTBIJF CA SFECIFICATICN FROM IX,_4(_C.G TO IX56C,_J
I

XI ECU 8(3
a2 E_LJ e_,
X3 E_U 99
R_AC E(U OEKSEG
IIHTAP E(u (Ui
Z_TAPE E{U (ul
CIJITAP E(U (U2
CTIPER E(U WRTPI!R
INTPEA E(U ROTFER
l_ret_F_ ...... e(u- oufe_e
L n'"_JF rk IXSC G
c_r.sw _ ,_,'"
ENDSW CCW '-0'
LBCCSW COW tO'
GRPIWK COW ' '

_LTCCSW COW '0'RYCT COW '01'
PRLBNN COW "9
CRLBN_ COW "<_
14AIWCNT COW -I
SPACE CS I0

• SENSE SWITCH A ALWAY5 Ch
,, SENSE SWITCH B CIW TC GENERATE NEW f_ASTEH TAPE FR(_N CARDS
• SENSE SWITCH C CIw IC COP_ IwASIER TAPE
• SENSE SWITCHES 8 A_C C CFP TC _PC_TE

• SET GRCUP NARK-WCRC PARK AT EhO OF REAO AREA ANO NA_E-CG_NT
8E_IN LCA GRPMWtB_

LCA GRF_W,NANChT*g
SW
SW
SW
SW
SW
RWC
_cw
BSS
B

STCPSW MOW 'I*,CPALSW
B RCIA_A

c_sT_e -ess _w_
INTA |N_F

SEIWNB SW 0

77,1_
75.74
73,1_8UF+7_
INT_P
'OCC'tX3
STCPSWtC
CKSSwB

UPCTOCI
UPCTC02

BEGINNING _F LBL FIELD

INITIALIZE XR3
COPY TAPE IF SSW C _h

SET COPY 5w

UPCTO0_
_-UPOTC_k

UPCTOO5
UPCTOC;6
uPOTO07
UP,TOmB
UPCTC_9
UPCTO_O
UPCTOII

UPCTC_

UPCTO[5
UPCTOL6
UPCTOL7
UPCTOL8
UPCTOIg

UPCT021
UPCTCZ2
UPCT02_
UPCTO24
UPCT025,
UPCTO26;
UPCT02?
UPCTO_tS_
UPCTO_g

A_E_UPCTO)O
UPCT031
UPCTO_2
UPCT_33
UPCT036
UPCTC35
UPCTO:_
UPCT017
UPCT038
UPCTO)_
UPCT_40
UPCTO4L
UPCTO_2
UPCTO_3

CHK FRST CC FOr "L_BEL IF SS_ C_UPOTO_'_-
B OFF C OFF SC UPCAI_ UPCT045
REA_ FIRST _ECORO UPCTO46

UPCTC_8

• UPDTO_9
RSIPER UP

115:_

8CFSTA C_c

W
cs
_CW

CC
H

=- I F_'SI_ _g-CN,

|gt'_CO !
CK_HGA CUNTINUE IF _LTEH CA_U
332 WORD 'ALT_R' B_T NO LEROS

IN CCLS. 17"lq
I

_FIHST CARD NOT A ,ALTER CARD. CHECK CAKOS',2_

Zgq
ePRE$S 5T_T TC RESTART°t223

I
BEGI_
CHECK T_AT FIRST CARD IN _EACER IS .LABEL CaH_

UPCTO_6
UPCTOb7
UPCT05B
UPCTOSg
UPCT060
UPCTCb
UPDT_6_
UPCTD63
UPCTOh6
UPCTC65
UPCTO66
UPCTO67
UPCT068



7_

_9

_8

2,

i O

13

CKFSTL R

' ll_T oa
E N 6

IE2_°"XTBE N 8
CS 33_
CS
CC
MCW

CS
l=Cw
w
CC I
H BEG II_

REAC FIRS1 CARe

FIRST CARC _CT A .LAeEL

l
°FIi_ST CARC NCT A _LABEL CARCo CHECK CA_OS*t2_4

RE$S 5TAflT TC RESTARTOt223

• FCLLCHING RCUTI_E SE_ENCE NUNOERS ANO LABELS THE CPRDS _F A
* PROGRAM CECK ANC ER[TE$ THE PROGRAM CN
• k4_CHJ_TER (5_ C_RC) RECCRCS CR AS

au_ c _AN _5 CARDS IN LENGTH• .F THE .... uRAN I. LE_S l
. THE •LABEL CARC HA_K/NG THE EEGINNING OF THE P_CGRA_ IS _RITTEN
• AS A JINGLE 8O CHARACTER RECCRC

• _LL CARCS aRE RE_C _IT_ TEE FGLLCHING REAg INSTRUCTION
CEKSE_ Bee NCCRCStENCS_,I OR IF REACER EMPTY

R

85S LAST_C , SE_NS _ [F LAST CARO_EXTB 8SS NEXT _ B _ _RITE NE_ TAPE
C Ilt°e _LTER* CHECK F_H *ALTER

l_ Co
_E AL_ _E JUST RE._C AN _LTEA CAR_

_Cw 'OOlALC[$_ TURN OFF ALTER CHe S_NEXTG C Ilo-- LABEL _ CHECK FC_ •L_BEL CR_

BE LBLCRC
C 12oil L_BEL =
BE LBLCC_ LBL CA_U STA_TING IN C_L 8
NCW _O°oLQC_S_ TURN _FF L_L CARC _
C tgg_g_C*th_NCNT+8 CHECK FG_ C_UhT _VE_FLC_
BE MXCTER '

INCRCT ARCN °IC'_NJPCNT_8NAMC_T_It73

_E WR10_F
_A _CeC=,X3
8 REAC

_HTEUF WT CUTTAPoEUT_UF
BER _RTPER
NCW 'O|°tRTRYCT
8EF N_TAP
8SS NEXTEtB

• IF B_FFE_ WAS NCT F_LL _EN _RITTENe ME NEEC T_ CLEA_ THE WCRD
• MARK AT-THEENI_F-]_E RECC_C--SG WE C'kN gE_C RECCRCS INTG THE
• B_FFER _EN THE hEXT ALTER CeRC IS EhCOUhTEREOo

C X3_32# REAC FIRST CARO
NEXTE YES

NXTALTIALCCS_tl

B RE_C_LBCCSk,ONE_fiA_

LJ C 8 NEXt

• EE_ CF CARC TC T_FE

FINISH _S 332
C_ 1

NCW 'EhC CF JC6',22C

UPCT069
UPCTCTO
UPCTOT_L
UPeT072
UOCTO/3
UPCTO7_
UPCTOT5
UPCTC7_
UPCT077
UPCTO78
uPCTOTq
UPOTO_O
UPeTO_I
UPCTO82
UPCTOB3
UP,TOe4
UPCT085

TAPE A5 CNE CR MCRE UPCTO_6
A VARIABLE LE_fiTH RECERD LJPCT_

UPCTO_9
UPCTOO0
UPCT091
UPOTOg2
UP,TOg3
UPCTO_
UPCTO_5
UPCTO'_6
UPeTog7
UPCT_g8
UPCTOq9
UPCTIOG
UPCTLOl
UPCTIO2
UPCTLCr3
UPCTI_4
UPCTIG5
UPCTI06
UP_TL37

BR IF UVERFL_. UPCTI08
I CE e TAI cA e U eTZZO  vREASE
N_VE CARe TC _UTfl_T BUFFER UPCT_[-[
C_NT|NUE IF ALTER CA"O UP_TG_7
BR IF FULL UPCTI13
CTHER_ISE INCREASE xj UPCTIi4
_0 _EXT C_ UPCT115
_RITE BUFFER UP_TII6

UPCTII_UPCTII
UPCTLt_
UPCTI20
UPCTt21
L_PCTI_
UPCTI23
UP_T06_

 R cess CAR  PeT
ET NExT _ETAI CA_C UPCTI33

_R_CESS LABEL _ARC UPCT[3_
UPCT-L_-_
UPCT136

SET ENO S_ITCH UPCTL]7
UPC?L_6
UPCTL3q
UPOT_
UPCT[_1
UPCTI42
UPCTt_3



©

::':i

?

CC l
_TN GUTTAP
I_TN CUTTJP
H

B OEG
I• cA_ _EJc_ eNpl_
_CCRg5 e SS NA_Kt_Ct_

_C_ tJItCPALSIN
8CE CCPY,ALCCS_tl
e E
L_ C_F_ILBCgS_tiGRPI_K t Cl_TEIUF+X3
6 _RTEUF

CEPY NRCM LBLE_F tC_TEtdF
B NRTAFA

CS

CC U
I_CN * (It (_(_G0 C t ,14ANC[_T4' e
B INCRCT GC CN

UPCTI4¢
UPCT tz, _.

_RITE E[_F UP_T [_(
UPDTZ_
UPCT16E
UPCTI4q
UPCTISC

uPCTIU_UPCTL5

IF ss. u oFF _no _st CARO_s _ctu_,otz_
_eu:u_eeLc_ .ALTc_ c_R_, _zT_ cuu_etz-_

CC3_NT UVERFLCI_ UPCTLOl

UPOTI6_
LIpCT[65
UPCTL&_

RESET CC_hT UPCT 16_
UPCTLbE

• LABELcA.o _cces_I_C_CVES N_E FEC_ L e L C_RC AhO SETS _RO _ARK
IN T_E NAMCNT ARE_

• _A_E IS _CVEC ONE CHARACTE_ _T A TI_E
LELC_A NC_ 'LABEL '_12 P_T _RC LA_EL IN CCL 7-£2
LBLCRC NC_ CRL_EN-ItFRLBN_-! SAVE PXEV LABEL NA_E

NRC_ 73_C@LB_-8 GET NE_ LABEL NA_E
_CE PRVLELtLECCSHt£ BRANCH IF P_EV CRD A LABEL CArD
MCM _X_.LBC_S_ SE_ LABEL CA_ 5_LTCfl ....

t NOTE-- _BH_TEF IS THE ACCRESS CF THE LABEL B_RTBF
BENCH B e÷| SKIP THE Q_FFER kR[TIN_ FGR

NC_ +BkHTBF,BHhCH+3 THE FI_S1 LABEL CA_O F_UNO

E_TEF _ NEXTA'OCCt.X]
EE NE_

_ARKN_ LEA G_P_ C_Z_F+X3
8 wrle_

_E_NA_ C_ NA_C_T+_X CLEAR _ _ARK I_ NA_CNT FIELC

e_ e- C_L 73 _F THE LABEL CARC N_ST NCT LANK

ANY LABE_ N_E EITH PCRE THAN 5 LET ERS_|LL BE RUNCATEC TO FIVE LETTERS
• THE FIRST ZER_ _E BL_NK F_C IN COL 7q-TE _AHKS THE LABEL E_U

uPCTI6_
UPCTIT(
U_OTITL
UP_T_7_
UPOT£73
UPOT 74
UP_T_75
UPCTL76
UP•T177

_POTL?_
UPCTI/_
UPCTLSC
UPOT[_I
UPCTL_
UPOT[_3
UPCTIS_
UPOT[b5
UPCTt_
UPCTI_7
UPCTISE
Up_TI_
UPCTIOC
UPOTL_;1
UPCTI92
UPCTI9_

NEXT_ -_CW .... *OOCCCCCC ,N_CNTe UPCTI_5BCE BLKLEL.13, _rAN_H IF C_L 73 IS BLANK UPCTL_
NC_ 73.NA_ChT_l UPCTIg_

- _CN tOO_,Xi INITIALIZE xl u_T[_

hANCHK B'_[ ENC_L_,12*XI_O CHECK FOk E_g OF NA_E UPOttg|
UPCT20(

_CE _r_'_ "_'X' _'S C_ _ _"'_ _"_ U_OT'_

........, _: _,__i 'ii.'o/lXl ' :IN A5 .i 1 i : .: i i .............. U.P_T20_

Ifi Ed_CfiT FIELC CNE PCSITIEN AFTER LAST• SET kCrC _ARK
, CHARACTER OF NA_E

Efi_FLC Sk NA_CfiT+_l
_RCN NAPC_T+I.73 _ER_ R_MAIh_EH _F NAN_ PIEL_
_T NR|TE LBL CARC _N TAPEOUTT4P.I
BER _RTPE@ TAPE ERR_R

C_ 'OZ'I_TEVCTBEF NCCT ENC CF TAPE

e REAE REAC _EXT CARC

= PflO_E$S #LLTE_ CAR_

UPCT2_t
UPGTZC"
UPCT2_ IUPCT20
UPET21_
UPCT2[_

uPCT liUpOT_
UPOTZI,
UPCT_I_
UPCT2I,
UPCT21
UPCT2L



i

C

/,

,?

_o0

e

13

"e

_m WRITE CUT BUFFER IF PRCVICUS CARC NCT A mLAUEL CI4 •ALTER

RESILBe_ILCCSW t 1
I_CW ele -ALCCS_W
C X3,1CCC m

B_A KESTL8
BL GRP,wK_CL TB_F,X 3WRTB

PRVLBA NCW Jltt_RL_SW=I
B PRVL_L

PRVLBB NCW t RLESW

e

I BEGINNING I_F TAPE SEA_Ct_ TC CC_PARE LABELS /_ ALTER CARO WITt_
LABELS CN THE MAS1ER TAPE A_wC ACC ANC/(JR CELETE CECK_ FR(]N'TI_E
_ASTER TAPE

MCW e
_XTALT _RCM !
RESTLB LB_ LCCS_FvC_TB_F

TB_FeTg

• TAPE CCPV
e

wRTAPA WT CUfT_F,C_fE_F
BEg WRIPEN

B_F _0NOC V

UPCT21'
UPCT22_

NC PRGG CRCS AFTER LaST LSL CrC UPOT2_
AN ALTER _R L_BEL CANC UPCT22_

UP_T22_
CCNI wRIIE BUFFER IF IT WAS UP_T2Z,

JUST WRIIIEN UPCT22!
GTHERWISE MARK EN_ CF RECGR_ UPCT22_
AND WRITE _bl BUFFER UPCT22
SET PRV lBC SW UPCT22_
BRNCH TC P_LBL ERRCR RCUTINE UPOTZ_
RESET SWITCH UPCT23_
RESET LAEEL CRO SW UPCT23
PROCESS ALTE_ CARO UPCT231

UPCT23 iUPCT2_
UPCT23'
UPCT23_

IIDCT_11

RESTCRE pREV LBLCR_ t_ cUT(_uF EhCi2_i
CCMPR LBL _[TH FRST LBL CN ALTR Cup t  (
IF EeL FoR SEcNO LBL Cn ALtR upOt2a]

UP,T26;
UPOT26!
UPCT2_

WRITE _fiORC CN NEW TAPE UPCT2_
UPDT24(
UPOT2G_

ENB CF _uIP_T TApE UP_T2gt
i UPOT2q(

• EEFCRE REAOIEG NEXT EECCRC wE NEE_ TC C_EAR THE WfiRU _ARK AT THEUP_T2_(• EN_ CF THE RECGRC dbST WRITTEN FRGN THE _ui_F AREA UP_TZSi
• THE ACCRESS OF T_E CLRW_A INSTRUCTICN IS FILLEO IN BY THE UPCT2_;
• S1iRCLRIWfl+3-1NSI_CTl_fl FOLLOWING ThE RD:TAPA INSTRUCTION IU_TZ_
• THE CUMMY ACCRE$S 'A_YW_R, IS NECESSARY CNL¥ THE FIRST TIN_ t_E UPCT2_
• CLRW_A INSTR_CTI_ I_ E_EC_TE_ SINCE A CW WITH ACCRE_$ ZEH_ UPCT2_
• WC_LO CAUSE A PRC_RA_ STOP UP_T_5_

UPCT25_

CLRWMA

RCTAPA

SETW_A

CW OUTB_F_C
CW ANVWHR-_
CW
LC_ GRPt_W_EtYI_t
RT INTAP_INBUF
SBR SETWMA*3
SBR CLRW_A_]

B [NtPER
MCW IOIIIRT_YCT
SW 0

_ ...........

BCE WRTAPA_CP_LSWtl
C OUTB_F+IO_ _
BE CKAHGK .....
B WRTAFA

t i!_ .,$l.t_:1 8! _ CCitt in CCL 20 AN{_ ZERC_ in CCL, 26-._8
t

CLEAR _M IF PIneY REC A LBL C_C UPOT2_
UPCT2'_

CLEAR _M AT Eric CF PREV _ECRE UPCT26C
flEOSRY OfWLY IF KEOKO LNGEI_ THAN BIjPR UPOT2CI

REAO NEXT REOOr_ UPCT2.,-,2
ST(JAB ACCR _F ENC _2F REC IN AC(]R UPCT263
_F SW AN_ CW [NSTRUCT{C_;S UPCT2_

UPCT26S
UPCT266
UpCT2ol
UPCT2_E

SET WM A1 LAD CF R_C_ UPOT_
KEEP CCPYI_G IF C(]PY Sw L'lM UPCT27C

LABEL t (_HECK FC_ LABEL CAR_ UPCT271
LBL CRO-CHK IF N_TCHES A-LI_R CRC UPCT27_
NO LBL- CCPY RECCRD UPOTZ7]

" UPO T2. 7,_
UPt_T27. =

....... ' SA_LBE

NEXTO
BE CK_RG8 ' BR IF TWC L8L$ Cn ALIER CARD

WE NCW H_VE A MATCH CF TEE C_RRENT LBL CRC WITH TME _I_GLE LBL
QN lEE ALTER CARC

• SAYE THE :eLA_EL CA_C AflC REAC T_E N_XT C_RO IN THE _AOEI_

SAV_B_ NRCN CUIB_F_LBL_UF SAV[ _BL CARO
B _EKSEG REAC NEXT CAHC

= WE _AVE TWO LABELS Oh T_E ALTER CARC-OELETE CECKS TH_U(_
• THE SECCNC L_BEL

CKARGE C 28,C_TBCF*7_

F CQN_ IN ,_0 UP 27t

CHK FER__ CCLS. 26-2B UP_T2BC
UPCT_!
UPOT26_
UPCT2_
UPCT2_4

UPCT2_
UPCT2B!
UPCT2B_
UPOT2_
UPOT2_(
UPOT2_]
UPCT2O_

COMPARE LUL WITH 2_0 L_L {_ ALT CUPOT2_3
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__ 3.1,?:-g

t

O

2

,j:

L) 0

t?

i,B

, C)

50
4

b' e

m TAPE ERROR WIHILE REAUINO LABELS AND SKIPPING UNTIL A MATCH IS

CCW eTEE LABEL HAS BEE_ TRUNCAIED IG FIVE LETI'UPCI3Og
CC eERS' UPOT370
OCW eCUiPUT TAPE FULL. MOUNT A _EW TAPE AN_ PUSH SIART'UPCT)?L
cCW 'THE CAflC CCUhT F_R LABEL _AS CVERFLCWI!O A'UPCT372

m FCUNC
RSTPER SBR RSEHRT*3

C RTRYCTmm25 *
BH NEXTj
B BACTP
e RS' I

NEWTJ BSP IN_:_
A el' @TRACT
RT INI_PEmlNELF
BER RSTBER44

UPCT373
UPOT37_
UPOT3 _'5
upOT3?_
UPCT37T
UPCT378
UPOT 3
UPCT)_O
UPCT381
UPCT38_2
UPOT303
UPCT3B4
UPCT38_

UPOT3Bg
UPOT3gO
UPCT_) l
UPCT3g2
UPOT3g3
UPOT3g4
UpCT3_
UPCT3',46
UPCT3'-_7
upCT3_d-
UPCT3gg
UPCT,(,O0
UPC T_'L_1
UPCT4C_
UPCT_J3
UPCT,_L:6
UPCT405
UpCT_i
UPCT407
UP 0 T_O(_
UPCT40_I
UPC T4 _0
UPCT,q t _-'
UPCT412
UPCT413
UPCT414
UPCT4! 5
UPCT416
U_CT41.7
UPOT_I9
UP I_T4-1-c_
UPCT420

UPUT4Z2
UPOT4P3
UPI]Tq,_4
UPI_T42$
UP_I4_6

UP QT_i Z§,
UPi3T42_I
UPOT4_O _
UPDT431,
UpOT432
UpCT433
UPCT_36
UF'C_

UPCT4_UPOT_
UPC T,_ '_8

S AP """ "

RCTPER _E BKSPAC
A _I_mRTR¥CT
BSP INT_PE
e rOt_u_a

* BACKSPACE THREE TINES AI_ RERE_C
_, TRY THIS THREE TIIWES dNC TI_EI_ GIVE t_P
B.SPAC c o, spct-I.. .

BE OClh lP
A tle-

YCI

B INIIPE

OSP INTIP[rT INT_P ,INEIJF
RT INTAPE m |hi3CiF
B ROTAPA

BCINTP NCW °l° EKSFCT
e BAC_P
O SETWIWA

B_CTP SBR BCTPRT+_ STEJRE RETbRh AOCR

CSMCW 33tO) ' tRTFI¥CT
Cs

W OUIOIjF+I_eZE(D

CC 1

CS 2'g'_
MCW _RECO'_C EEGII_I'_II_G WITH ABOVE CARI_',,PB?
IWCW eT_PE ElqrCH WI_ILE READING *
W

C_ 2gOIW W °CAhhCT REAC _FTER 75 AITEMFTSO_23(]
W

(push slate tc zGNeREErtl r AnC c ntznu ,, zaO

,, EI'WC CF FIE Cp IhPUT TaPEI_CINTP l]_E II_CPYtCPALSW,I EOF OK IF COPY SwFCH I_ _N
CS 332 E(_F NC_T LEGAL WHILE SI:A_4CHING

i FOR MATChII'_G L,_BEL
W 20,228

w
CS 299
l_CW mE]/W _l_(_E _LTER CARCe_S8
NGW oCAI_I_I_T Flhi_ _ECK NATCIHING F|H_I LABEL * UPCT4
W UPl)T4,(_O

'CCRReCt C_RC Ant PRESS StARt t_ ccntzncE,,_z __

(-}



0

z•

CS
IwCW
W
CS

W

CS
MCW

CS Z'_J
CC !
WTM CUITAP

T_ I_UTTaP
H BEGIi

FINCP¥ WIN (_T TAP
wTM C TTJF
CS 3_2

MCW *UP_CAT_ C(_PLETEC,
W
CS 2gg

2gg
_UFCATE HAS BEEI4 CCIE L_P TL] ABCVE ALTER C_,RC',244

2g'_
rUSE THE TAPE _1_ tJr_lT 2 AS THE _W I_PUT TAPE '
'0i IjNIi 1',295

2gg
'AiC RESTART WITH THE ABOVE ALTER, CARC',235

UPOT444
UpOT445
Ut_C T_F4_k
UPOT447
UPCT448
UpCT64
UPOT650 g
UPOT45[

UPCT45_UPCT45
UPCTY_r

UPCT456
O_C T45_ r
UPCT4_8
UPOT45_
UPCTqOO

U_'OT4(_3
NEW MASTER (APE Ch_ b_IT 2.',246 UPOT466

OFCT_65
UPCT466

MCW 'PIjSI_ SIAWI TC REW IiC ANC IJILCAO TAPESttZ3B UPI_T4_
W UPOTq_ll
CC 1 UPCT469

RWU INIAFERWU CUTTjF UPCT47
H .-3 STF_P STOP STUP UPCI'_7_

ENC CF FILE WHILE _E_tRCI_II_G F(3@ SECChC L_BF-L MATCH UPCT414
t4C_TCH CS 332

_Cw 20,2_
W

W

W
CC I
I.t _-3
LTCRC,

_CP
ENC BEG II_

zgg
toil _8C_E _LTER CARCt,25g
'CJfifiCT Fi_C CECK NATCH|NG S_C_NO L_B_L _

2gg
'CC_RECI C_R_ AhC RESTART E_IIRE R_t,_36

STCP ST_P .STL_P

UPOT_ZS
UPCT476
UPCTql7
Uf_Ot_,9-e
UPC T4 7g
UPCT4_O
UPCT4_[

UPCT4_4
UPOT6_5
UpCT6_6-
UpOT4_7
UPCT4_8
UPCT4_g
UPCTq'_O
UP_T4gI

,7•



3.12-11

_J

L

JOB XRJ¥ PROGRAM RETRIEVAL
OIL 4_,1

t

• SENSE SWITCH SETTlhlG5
a PRII_T TAPE-ArC
• Pl_l_Cl_ T.aPE-A_O .a FR,I.fiT ANI'] PUNCH A C C
a EXPAI_O INTO 80 Ch_RtI_ECCRCS-A
• PRINT LABEL CARCS-A_

i PRINT aNO PUNCH LtEE_'_'QRCSc_BE|N,_TC eRETRIEVE A flROGRJlW-asBtJNY - ION _F CtD C]R NEITHER
RETRIEVE #INC HALT EEFOI_E ClJTPUT -AtBeFeA_¥ COMB[NATION (IF C,_

Xl E_U 8gx2 E LJ g_

_)IJFFR _#ia FF,_-EO
CEC csa -80
C5 OSA -5
_EGIN SW l,_T

Sw 92 IC I
sw 20[
CS 332

etPTChSN,,l TtJRN CJFF M_TCH Sk
B SSWCI_K CHECK SSW
RT (UI,E_FF_
SBR Xl STORE ENC _F REC #it_
EEF ENCF L
8ER TAPE_R
_Cw eO
ESS RO_ t#RTF_YC1aRB,E
B OUTP T

RCC#IRC BCS) LB C_C,ENC_FII_S oL STCCS t ].
R
ESS H#iLTa tF
B w+2

HaLTA

BSS S S ,a .
SLSTCS MCw _I_,LSTCOS l
LELCRC C 8UFFRelCe_.

I_SS PRTLEL _E

_tJ TN _:SwBU_FR,*7(] _8
BtJ TSCI_ 5 W
I_CW vO, t_RCi_$tW
t_Cw * 1 _-,l_TCkSW
C-Ce S-SW(_HK, 1

(_L/1PLt T, I_TCH SW, 1TMCHSk _E _IQlP_T_OTape (ill,euFe_
SR l
B_F XENCF|L

TAFERH

8CE ROCaRC_FR_WTSW_I
ECE RCCaR[_ t,XP_CSW _,1
CS 180
P

-5_iB ROCARO,_
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